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The problem of peritonitis has long been puzzling and vexatious for 
the abdominal surgeon and the clinician as well. Some peritonitis proba- 
bly occurs postoperatively in every case in which an abdominal operation 
is performed. Usually the degree of this peritonitis is slight, and the 
origin is chemical or traumatic. In intestinal operations, particularly 
on the large bowel, there is in most instances some bacterial peritonitis. 
Fortunately, if certain accepted principles are followed, in most cases 
the postoperative peritonitis is mild and nonfatal. However, when one 
is operating on malignant lesions of the large bowel, perforation of the 
growth and formation of abscess are often encountered. Occasionally, 
too, the anatomic situation of the malignant lesion places insuperable 
difficulties in the path of the surgeon. 

It has been our hope that we might increase the resistance of each 
patient against fatal peritonitis and thereby reduce the number of post- 
operative deaths. We realized of course that in those cases in which 
there was a slow continuous leak of fecal material into the peritoneal 
cavity after operation we could probably accomplish little or nothing. 
Our hope was to save the patients who had, unavoidably, suffered some 
contamination at operation or in whose cases a slight intermittent leak of 
fecal contents developed postoperatively. 

In 1928, Hermann, working in the Mayo Foundation, reported 
favorably on intraperitoneal injection of vaccine for the prevention of 
peritonitis produced experimentally in animals. In 1929, the vaccine was 
administered to patients. No ill effects resulted from the intraperi- 
toneal use of vaccine, and the reactions following its use were never 
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of sufficient severity to be alarming. In the ensuing years the vaccine 


has been given routinely to patients being prepared for surgical pro- 
cedures of a major character on the intestine. Several statistical studies 
of the cases in which vaccine was given intraperitoneally have been made. 


The preoperative rehabilitation of patients is an important factor in 
the prevention of postoperative peritonitis. It was soon realized that 
the administration of vaccine was only one of the preventive measures 
against peritonitis. When a number of papers appeared several years ago 
intimating that intraperitoneal vaccination was a minor or perhaps even 
useless protective measure in the preoperative program, we reviewed our 
clinical data and realized that these could be open to some objections, 
although the experimental data were much more definitely indicative 
of effectiveness. 

With this in mind we again studied all the cases in which operation 
had been performed in the years 1932 to 1937, inclusive, and in which 
vaccine had been given intraperitoneally, and compared these cases with 
those in which vaccine had not been employed. There was a definite 
appreciable advantage in a lower mortality rate for the cases in which 
vaccine had been administered. .There were, however, many factors 
involved, such as changes in preoperative preparation and operative 
technic during this period, that made the interpretation of the results 
confusing. The study brought to our attention the development of an 
elevated temperature after intraperitoneal vaccination, and our interest 
was attracted to correlate this with the postoperative death rate and 
particularly the death rate from peritonitis. The results of this exam- 
ination will be given later in this paper. In view of the possible incon- 
clusive results on the basis of examination of the accumulated series oi 
operations, it was decided that the only method that would yield a defini- 
tive solution to our problem would be to institute an alternating 
controlled series of cases in which operation was performed. Therefore, 
with the assistance of the division of biometry and medical statistics, the 
work was planned and executed, and the results were analyzed. 


In the experiments with animals previously referred to, several intra- 
peritoneal injections of vaccines were given to immunize against 
peritonitis. In this series of observations on the value of intraperitoneal 
vaccination for human beings only one intraperitoneal injection was given. 
The results of these observations will be given in detail in the course 
of this study. 

HISTORICAL 

Wegener is credited with distinguishing between postoperative shock 
and peritonitis as early as 1877. He expressed the opinion that the 
absorption of toxic substances from the peritoneal cavity led to blood 
poisoning which really was the cause of death in cases of postoperative 
peritonitis. 
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Grawitz and Pawlowsky attempted to produce peritonitis experi- 
mentally by the intraperitoneal injection of bacteria. Many other 
workers have explored this field. The reader is referred to the theses 
of Hermann and Morton of the University of Minnesota Graduate School 
for a complete historical background of the experimental problem. 

The problem of immunizing man and animals against peritonitis has 
been under investigation for a long time. Various methods of producing 
experimental peritonitis have been tried. Agents which would prevent 
the experimentally produced peritonitis were earnestly sought. 

According to von Mikulicz, Issaeff found in 1894 that guinea pigs 
could be protected against otherwise lethal doses of Vibrio comma by the 
preliminary intraperitoneal injection of various agents, such as tuberculin, 
nucleic acid, normal human serum, broth, urine and physiologic solution 
of sodium chloride. 

Miyake studied the problem in 1902 at the instigation of von Mikulicz. 
He was able to raise the resistance of guinea pigs to intraperitoneal injec- 
tions of virulent Escherichia coli by the preliminary use of various 
substances, particularly a solution of yeast nucleins, the derived nucleic 
acid or a neutral sodium nucleinate. Whereas 1 cc. of physiologic solu- 
tion of sodium chloride injected intraperitoneally doubled the resistance 
to virulent cultures of Esch. coli injected intraperitoneally, 1 cc. of 0.5 per 
cent solution of neutral sodium nucleinate multiplied the resistance twenty 
times. Furthermore, Miyake found that these injections were effective 
also against fecal soiling of the peritoneum. 

Von Mikulicz attempted to apply these favorable experimental results 
to clinical practice. Intraperitoneal injections were given only three or 
four times because the unpleasant febrile reactions were severe. 
Von Mikulicz made his first preliminary report of the preoperative 
induction of hyperleukocytosis by subcutaneous injections of sodium 
nucleinate before the thirty-third congress of the German Surgical Asso- 
ciation, meeting in Berlin in 1904. 

Aschner and von Graff, working in von Eiselsberg’s clinic, showed 
that with proper controls no prophylactic effect of the subcutaneous 
injection of sodium nucleinate against fecal soiling of the peritoneum 
could be demonstrated. However, the efficacy of intraperitoneal injec- 
tions was established experimentally. 

Hermann presented excellent experimental evidence in 1928 that in 
rabbits the repeated intraperitoneal inoculation of heat-killed mixed 
cultures of Esch. coli and green-producing streptococci causes a great 
increase of resistance to fatal peritonitis resulting from gross fecal soiling 
of the peritoneal cavity. 

Morton reported in 1930 that rabbits could be protected against 
experimental peritonitis produced by virulent cultures of hemolytic 
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streptococci by preliminary intraperitoneal injection of 20 ce. of 20 per 
cent solution of dextrose. He found that several injections over a period 
of days gave better results than one injection or several injections given 
in one day. He found also that physiologic solution of sodium chloride 
injected intraperitoneally had value. 

As a result of Hermann’s experimental work, a vaccine was produced 
which has been used in our clinical practice in an attempt at intra- 
peritoneal vaccination prior to operations on the colon. The method of 
preparing the vaccine and its mode of administration have varied little in 
the twelve years it has been given. During the first year or two in a 


number of cases two injections of vaccine were given before operation. 


This technic was abandoned later. In recent years one injection onl) 
has been employed routinely. 


METHOD OF INTRAPERITONEAL VACCINATION 


The patient reclines in bed on his back. The site at which the injection is 
given is of prime importance. If the lesion is on the left side of the abdomen, 
the injection should be on the right side. If the lesion is above the umbilicus 
the point of injection should be below it. The injection should not be made mor 
than 2 inches (5 cm.) from the umbilicus in any direction unless there is a 
special reason. The risk of perforation of the urinary bladder, the stomach, th 
liver, the cecum or the sigmoid is thus avoided. The midline is best avoided. 

The skin is cleansed with alcohol and ether and painted with iodine or tinc 
ture of merthiolate. Drapes are placed over the operative field, and rubber 
gloves are worn. 

A skin wheal is raised with procaine hydrochloride. The fascia and _ the 
muscle layers are infiltrated. A large caliber needle (no. 16 to no. 20) is used 
to puncture the abdominal wall through the area infiltrated with procaine hydro- 
chloride. The point of the needle is introduced into the peritoneal cavity not 
more than 4 to % inch (0.6 to 1.3 cm.). The syringe is fastened to the needle, 
and gentle aspiration is effected. If any blood, gas or intestinal contents aré 
aspirated, the needle is immediately withdrawn. 

One cubic centimeter of the special vaccine diluted with 9 cc. of physiologic 
solution of sodium chloride is introduced through the needle into the peritoneal 
cavity by means of a 10 cc. syringe. The needle is withdrawn, and the patient 
is placed in Fowler’s position for four hours. During this period the pulse rat 
the blood pressure and the temperature are determined half hourly. After fou 
hours, the patient is allowed up or permitted to lie down in bed. Codeine is 
given if necessary for cramps or pain. Epinephrine should be available in cas 
of allergic or anaphylactic reaction. 

For this series of observations, the vaccine was prepared as follows: A strain 
of Esch. coli and a strain of green-producing streptococcus obtained by culturing 
the peritoneal exudate of patients who had had fatal peritonitis were separately 
inoculated into bottles containing 150 cc. of 0.2 per cent dextrose broth. Thes 
bottles were incubated for twenty-four hours at 37.5 C.; at the end of this time 
they were centrifuged. The supernatant liquid was decanted, and 150 cc. of physio- 
logic solution of sodium chloride was added to the centrifuged bacteria in eacl 


bottle. The bottles were then submerged in a water bath and kept at 70 C. fo 
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hour: at the end of this time the saline-suspended bacteria were mixed so 
have an equal quantity of Esch. coli and green-producing streptococci by 
volume. After we had cultured the mixture and were satisfied that it was sterile, 
0.3 cc. of pure phenol was added to the mixture, and it was thoroughly shaken. 


SUMMARY OF THE RESULTS OF THE TWO YEAR SERIES OF 
OBSERVATIONS 


\ review of our records of patients who had operations for lesions 
of the colon revealed that since the introduction of the use of intraperi- 
toneal vaccination we have experienced a distinctly lower postoperative 
mortality rate than before. However, since in this period various changes 
in surgical technic and preoperative care had taken place which affected 
iavorably the postoperative surgical mortality rate, it was considered that 
in order to have an absolutely dependable comparison of cases in which 
vaccine had been given with cases in which it had not been given, it would 
be necessary to set up a special investigation so as to maintain the same 
general operative conditions for both the group in which vaccine was 
given and the group in which it was not given. 

In order to avoid all question as to the selection of cases for these 
groups, it was decided that the best method of obtaining a control series 
for the cases in which vaccine was given would be to make some arrange- 
ment which would completely avoid any element of personal judgment 
in the selection of cases. To accomplish this, it was arranged that 
patients who had conditions of the large intestine for which it had been 
decided to perform operation should be designated while they were in the 
medical hospitalization division as to whether they were or were not 
suitable candidates for the vaccine treatment. Patients who had 
extremely large lesions and for whom palliative operations alone were 
to be done, patients who had acute intestinal obstruction, patients who 
had ulcerative colitis and patients who had perforations and in whom 
active peritonitis was already present were considered unsuitable for 
administration of vaccine. The patients designated as suitable for vac- 
cination were then arranged in order of registration number, and every 
alternate one was designated for administration of vaccine. Thus for every 
patient that received vaccine treatment there was to be an alternate one 
selected on exactly the same basis who was not to receive vaccine ; a com- 
parison of the mortality experience in the two groups, it was intended, 
would furnish controlled evidence as to whether the vaccine was helpful 
in affecting the mortality rate. 


When, however, the study was actually put into operation, in some 


instances the administration or the nonadministration of the vaccine was 
determined by considerations not related to the study. Occasionally a 
patient who had heard about the vaccine previously would insist that he 
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have it, and occasionally the opposite was the case. Such patients were 
completely omitted from the observations at the outset. It had been 
intended that in instances in which a patient was to undergo more than 
one operation, as in the case of operations in two or more stages, if the 
patient had received vaccine in the first instance he should receive vaccine 
for all subsequent operations and if he had not received vaccine in 
the first operation he should not receive it in any subsequent operations. 
Had this been done, we should have had two clearcut groups: one group 
of patients who, whether they had had one or more operations, would 
have had the vaccine treatment in all of them and another control group 
of patients who whether they had had one or more operations, would not 
have had vaccine at all. 

For the patients who had only one operation and for the first opera- 
tion of those patients who had more than one, the arrangement of the 
study was fairly successful in having a patient treated with vaccine and 
the alternate one not treated. But when it came to the subsequent opera- 
tions of those patients who had more than one, we were not able to 
exercise a strict dictatorial control in every instance. We were operating 
on human beings; we were dealing with factors that literally concerned 
life and death, and it is understandable that some of us who believed 
in the efficacy of vaccine should insist in certain instances that a patient 
receive vaccine in the second operation even though he had not received 
it in the first and that in some instances a patient who had received 
vaccine in the first operation might not receive it in the second because 
it was deemed unnecessary. These facts will explain why in the results 
to be presented the numbers of patients in the vaccinated and control 
groups are practically equal but why when we divide the series according 
to operations as such, putting all the operations prior to which vaccine 
was administered in one group and using as a control for this all the 
operations just prior to which no vaccine had been given, it will be found 
that more operations were performed without than with vaccine. 

The period covered by this study was the two year interval May 1938 
to April 1940, inclusive, and of the patients on whom operation was 
performed at the Mayo Clinic for lesions of the colon during this period, 
480 were included in the analysis of this study. Of these 480 patients, 
272 had only one operation, while the rest had operations in either two 
or more stages. The total number of operations, including the ones 
performed in multiple stages on the same patients, that were performed 
on those 480 patients was 639. Of the 639 operations, vaccine was 
administered prior to the surgical intervention in 258, and the remaining 
381 operations were performed without the administration of vaccine 
beforehand. 
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The hospital mortality rates for the total group of these operations 
divided according to operative procedure are shown in table 1. It is 
seen, considering all the operations together, that after the 258 operations 
prior to which vaccine was administered there were 18 hospital deaths, 
vielding a hospital mortality rate of 7.0 per cent. After the 381 opera- 
tions prior to which no vaccine was given there were 39 hospital deaths, 
vielding a mortality rate of 10.2 per cent. It is seen, then, that when 
one considers the over-all mortality rate for all operations, irrespective of 
whether these were in one or more stages and with these cases divided 
only according to whether vaccine was or was not administered prior 
to the operation concerned, the mortality rate is relatively almost half 
again as large in the group that did not have vaccine as in the group 
that did have it (10.2 as contrasted with 7.0 per cent). 


TaBLe 1.—Comparison of Hospital Mortality Rates for Operations With and 
Without Intraperitoneal Vaccination in a Specially Conducted Study 








Vaccine Given No Vaccine Given 
= eee we Baier “eer 


Hospital Deaths 


Hospital Deaths 
Opera- — Opera. ——————— 
Operation tions Number Per Cent tions Number Per Cent 


Colostomy 107 3 p 142 5 4 
Abdominoperineal resection 28 : 11 i0 15 
Posterior resection 21 i 3 5 15 
Exteriorization operation 47 3 j f 9 
Meseshase ia s6is odes ccnccesvesdes oe es 21 ’ 

Anterior resection 21 


The figures just quoted include all deaths occurring in the hospital 
after operation, regardless of cause of death. It is of some interest to 
consider only those deaths which were directly attributable to peritonitis 
or in which necropsy indicated the presence of peritonitis. This does 
not mean that these will include all the deaths in which peritoneal inflam- 
mation played some part, for naturally in cases in which there was no 
clinical evidence of peritonitis some peritonitis may still have been 
present, and even in deaths from causes other than peritonitis, such 
as pneumonia, peritoneal inflammation may have played a contributory 
role. However, of the 18 deaths of vaccinated patients, there were 10 
in which peritonitis was indicated either clinically or pathologically, 
giving in relation to the 258 operations a death rate with peritonitis 
of 3.9 per cent. Similarly, of the 39 deaths occurring in the nonvac- 
cinated group, there were 25 in which the presence of peritonitis was 
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indicated, yielding in relation to the 381 operations on the nonvaccinated 
group a death rate with peritonitis of 6.6 per cent. Thus we find, com- 
paring only the deaths with peritonitis, that relatively more than haji 
again as many deaths with peritonitis occurred in the group of nonvacci- 
nated patients (6.6 as contrasted with 3.9 per cent). Even considering 
the deaths that could not be attributed from direct evidence to peritonitis, 
we find a slightly increased death rate in the nonvaccinated group. It js 
possible to attribute this either to failure to uncover evidence of existing 
peritonitis or to a possible contributory effect of peritoneal inflammation 
in deaths occurring primarily from other causes. 

Still referring to the figures in table 1, if we consider separately the 
comparative rates for the different specific operations, we find that with 
each of the operations except posterior resection and resection of the right 
portion of the colon, the mortality rate for the vaccinated group is less 
than the comparable one for the nonvaccinated group. In the cases of 
posterior resection and resection of the right portion of the colon, the 
rates are practically identical. So far as these figures for the individual 
operations are concerned, it is to be realized that we are dealing with 
small numbers in each group and that because of this it would be 
hazardous to attempt to draw any conclusions regarding the relative 
efficacy of vaccine for different operations. We can judiciously conclude 
from these figures, however, that when all the operations are considered, 
the vaccinated patients have had an average better result of about 3 per 
cent as regards postoperative death rate. 

We considered also the comparative results in the vaccinated and 
nonvaccinated series, with account taken of only one operation for each 
patient, i. e., an operation in a single stage or the first operation of 
a procedure in multiple stages. In the series in which no vaccine had 
been administered in the first operation there were 247 patients, and after 
the first operations in this series there occurred 18 hospital deaths, yielding 
a mortality rate of 7.3 per cent. In the series in which vaccine had been 
administered for the first operation there were 233 patients, and after 
the operations there were 13 hospital deaths, yielding a mortality rate of 
5.6 per cent. When in this same series of first operations the deaths 
in which peritonitis was observed are considered, the hospital deat 
rate in the nonvaccinated series was 3.6 per cent ; in the vaccinated series, 


2.2 per cent. We see, therefore, that when we consider only the first 


operation the same general comparative results are found. We also 


divided the entire series into several separate ones according to the 
operating surgeon, and for each surgeon separately, without any excep- 


tion, the hospital mortality rate for the cases in which no vaccine had 


been used was relatively about half again as large as for those in whic! 
vaccine had been utilized. 
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We realize well that the difference in mortality rates experienced 
‘1 this study between the nonvaccinated and the vaccinated series is 
not large and, particularly considering the number of factors involved, 
that the numbers in this study are not so large as desirable from a 
statistical viewpoint. However, the difference between the rates for the 
vaccinated and the nonvaccinated group taking into account the con- 
sistency of the separate subgroups is statistically significant; i. e., the 
probability of obtaining by chance as consistent a result in favor of the 
vaccine as shown in table 1 is less than 0.05.1 We must emphasize 
again that we were dealing here with human beings as subjects and were 
using a treatment that offered possible protection against death ; we con- 
sider that in accumulating even as large a series of alternate cases as we 
did, we have accomplished a rather-difficultly achieved undertaking. 


It might be said that difference in the mortality rates in the vac- 
cinated and the nonvaccinated group was not large (3 per cent), but it 
must be realized that in dealing with rates as small as these, such a 
measure as vaccine inoculation cannot be expected to reduce the mortality 
rate a great deal in an absolute sense. Relatively, the reduction in rates 
is considerable, since it constitutes about a third of the death rate asso- 
ciated with nonvaccination. The consistency of the findings in this 
respect, whether we consider the entire group of operations as a whole 
or only the first operations in cases of multiple operations or the separate 
specific operations or the record of each surgeon separately, is impressive. 
Recalling the facts that these cases were divided into groups on a random 
basis and that there was absolutely no possibility of a selection of favora- 
ble cases for the vaccine treatment, such consistent results in favor of 
the vaccine cannot be attributed to chance. We conclude, therefore, that 
this study, which included 480 patients and 639 operations, definitely 
indicates that the administration of vaccine is of beneficial effect in 
decreasing the postoperative mortality rate. 


STUDY OF POSTVACCINAL PEAK TEMPERATURE REACTIONS IN 
1,990 PATIENTS 
In the experience of the years 1932 to 1937, inclusive, there were 
performed 1,990 operations two or three days prior to which vaccine had 
been given intraperitoneally. An examination of the cases suggested a 
possible correlation between the degree of rise in the postvaccinal 
temperature and the postoperative mortality rate, especially the mortality 


1. Of the six operative groups of table 1 in which a difference of rates is 
own in the results, all six were in the direction of favoring the vaccinated 
group. The probability of such a consistent series of differences occurring by 
hance is 0.016. The probability of a chance favorable difference as large as that 
nd. considering only the total average results is somewhat greater than 0.05. 
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rate associated with peritonitis. In table 2 is shown the hospital death 
rate associated with peritonitis for several groups divided according to 
whether in these cases the postvaccinal temperature peak was greater 
or not greater than 99.6 F., this temperature having suggested itself as a 
division point from perusal of the records. The hospital mortality rate 
associated with peritonitis for the cases in which the postvaccinal 
temperature rose no higher than 99.6 F. is only half that in the cases 
in which the temperature peak was greater than this value. There is a 
rise of mortality rate with the temperature of about 101.5 F., after which 
there is again some decrease but a relatively small one. The result in the 
group in which the peak temperature was less than 99.6 F. is striking. 
It suggests on its face that the absence of a marked increase of tempera- 
ture after vaccination indicates that a relatively greater degree of 


TaAsLe 2.—Hospital Mortality Rate According to Postvaccinal Maximal 
Temperature 








Hospital Deaths 
with Peritonitis 


a ane UES <aveen 
Postvaccinal Maximal Temperature Operations Number Per Cent 
Less than 99.6 F 377 ll 
99.6 to 100.5 F 585 34 
100.6 to 101.5 F 612 32 
101.6 to 102.5 F 342 
174 
Total 





immunity is present. There is a sort of intraperitoneal Schick test 
phenomenon ; i. e., those patients who do not react are relatively immune. 

This finding can be rationalized on the idea that the reaction after 
vaccination with the dead organisms is a sort of abortive and localized 
peritonitis and that patients who are so constituted for one reason or 
another as to be relatively immune to postoperative peritonitis will be 
able to react to the vaccination and will therefore show less markedly 
the effect of localized peritonitis. The relative immunity of these patients 
may or may not have been produced by the vaccination itself. So far as 
the patients whose temperature rose to more than 99.6 F. are concerned, 
they too presumably possess a higher degree of immunity after vaccina- 
tion than they would have had if vaccination had not been given. This 
is the conclusion to be drawn from our controlled study as well as from 
the comparison among the patients on whom operation was performed 
in the period 1932 to 1937 of the results for those who had had vaccina- 
tion and those who had not. It should be realized that the postoperative 
death rate for the patients among these 1,990 in whom the peak tempera- 
tures had been more than 99.6 F. and for whom the mortality rate aver- 
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aged 5.8 per cent should not be compared with the postoperative mortality 
rate in the vaccine series of the control study, for operation was performed 
on these patients in a period in which the over-all postoperative mortality 
rate was considerably higher than in the years of our study. 

So far as the immunity conferred on the patients who had a peak 
temperature greater than 99.6 F. is concerned, there is some reason to 
believe that the amount of conferred immunity is actually greater among 
those patients who have had a higher rise of temperature than among 
those who have had a lower. Clinical observation has given this impres- 
sion, and the results in table 2 somewhat confirm this, since the patients 
who had a rise to more than 101.5 F. had a lower mortality rate than 
those who had a rise between 99.6 and 101.5 F. This apparently 
paradoxic result, that those who have a peak rise of about 1 F. from 


_ normal have a low mortality rate, while those who do have a rise to 


more than 100.5 F. have a lower mortality rate the higher the rise in 
temperature, is also not unreasonable if one looks on the low mortality 
rate in the first group as being the reflection mostly of an immunity 
already existing and only indicated by the low temperature, while the 
lower mortality rate among the rest of the patients who had vaccine as 
compared with those who did not have vaccine at all is a reflection of an 
immunity conferred by the vaccination itself. 

If we adopt the premise that a patient having a postvaccinal tempera- 
ture peak reaction of less than 99.6 F. is in a group relatively immune 
to peritonitis, then it follows that any measure which would result in a 
lowering of the postvaccinal temperature to a peak in the neighborhood 
of 99.6 F. would increase the relative immunity of the patient. If vac- 
cination itself confers immunity, then those who in a second vaccination 
showed a lowering of temperature would be indicated as patients in whom 
the first vaccination had conferred a greater amount of immunity. 

To examine this possibility, we had available records of 227 patients 
on whom operation had been performed in the years 1929 and 1930 and 
who had had two injections of vaccine. These were divided into three 
groups: those whose temperature peak was lower after the second 
injection than after the first; those whose peak was higher after the 
second than after the first, and those whose peak was not substantially 
changed (within + 0.2 F.). The postoperative hospital mortality rates 
in this series are shown in table 3. It is seen that the lowest postoperative 
mortality rate was experienced in the group in which the second post- 
vaccinal temperature was lowered from what it was after the first vac- 
cination and that the highest was experienced in the group in which there 
was an increase, whereas the ones with substantially no change showed 
an intermediate mortality rate. Again it is to be noted that these 
mortality rates are not to be compared with those of our controlled 





518 ARCHIVES OF SURGERY 


series, since the operations were performed in a period in which the level 
of mortality was higher and also because this is a special series in which 
extensive operations were performed. The comparison within this group, 
however, on the basis of temperature rise is valid, since the operations 
were all performed in the same period and the patients were a relatively 
uniform group in themselves. 


RESULTS AND CONCLUSIONS 

An examination of data accumulated over a considerable number of 
years in which intraperitoneal injection of vaccine was used in connection 
with operations on the colon compared with cases in which no vaccine had 
been used showed a substantially smaller hospital mortality rate for the 
cases in which vaccine had been employed. However, these data consisted 
of the accumulation of the series of operations as they had been performed . 
routinely at the Mayo Clinic. Since during the years in which these 


TABLE 3.—Comparison of Postoperative Mortality Rates According to Postvaccinal 
Rise of Temperature After Second Vaccination 








Hospital Deaths 
UNE Sas PE 


~ 
Postvaceinal Temperature Operations Number 


Per Cent 
Lower after second vaccination 
Higher after second vaccination 
No significant change (+ 0.2 F.)... 


10.9 
22.4 
12.0 


Total.. 14.1 





operations had been carried out there had been considerable change in the 
technic of preoperative care as well as in the technic of operations and 
postoperative care and since also in some years the proportion of cases 
in which vaccine had been used was larger than in other years, it was 
difficult to make a decisive judgment whether the decreased mortality 
rate could be attributed to the use of vaccine or to other measures and 
changed conditions. 

For this reason a special study was set up which covered a period of 
two years in which the vaccine alternately was administered to a patient 
and was not administered to the next, the patients to whom vaccine had 
not been given being intended to serve as a control. From this controlled 
series were excluded at the outset any patients considered unacceptable for 
vaccine treatment, for example, patients with a large perforation. Ther« 
were 480 patients included in the study on whom, counting operations 
in multiple stages, 639 operations were performed, 258 prior to which 
vaccine had been administered and 381 prior to which no vaccine had 
been administered. The postoperative hospital mortality rate in the 
group which was not vaccinated was 10.2 per cent, and in the group 
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which was vaccinated it was 7.0 per cent. If one considered only h« spital 
deaths of patients in whom peritonitis had been found either clinically or 
at necropsy, the mortality rate from peritonitis for the 381 operations 
prior to which no vaccine had been administered was 6.6 per cent, and 
jor the 258 operations prior to which vaccine had been employed it was 
3.9 per cent. Thus the mortality rate in the group for which no vaccine 
had been administered was about half again as large as in the group for 
which vaccine had been used. Comparison was made separately according 
to type of operation and according to surgeon, and in all comparisons 
made there was a consistent advantage for the group which had received 
the vaccine in about the same proportion as indicated for the over-all 
average results. It was concluded that vaccine as administered intra- 
peritoneally in the’manner described in the text was of definite advantage 
in reducing postoperative hospital mortality rates following operations on 
the colon. 

Certain of the statistics collected from previous results indicated that 
the postvaccinal rise of temperature is an indication of immunity to post- 
operative peritonitis. Among patients whose postvaccinal temperature 
did not rise higher than 99.6 F. there was a definite advantage in post- 
operative mortality rate over patients whose postvaccinal temperature 
exceeded 99.6 F. This indicated that a failure of temperature to exceed 
99.6 F. after vaccination showed that the patient was relatively immune 
to postoperative peritonitis. The control study summarized in the pre- 
ceding paragraph as well as the previously gathered statistics seems to 
show definitely that the vaccine produced an immunity in the cases in 
which the temperature did exceed 99.6 F. 

It was thought that if the failure of the postvaccinal temperature 
to exceed 99.6 F. was an indication of a relatively great amount of 
immunity, in a series of cases in which two doses of vaccine had been 
given several days apart prior to operation, those cases in which the 
postvaccinal rise of temperature after the second administration was 
less than the postvaccinal rise of temperature after the first administration 
would be presumably those in which a greater amount of immunity had 
been conferred by the first vaccination. If so, the postoperative mortality 
rate in this group should be less than in a group in which the patients 
had received two administrations of vaccine but in which the temperature 
after the second administration was higher than that in the first. This 
would indicate the active function of the first vaccination in conferring 
immunity as well as corroborate the idea that the postvaccinal rise of 
temperature gave an indication of the degree of immunity conferred. 
\ series of such cases in which two vaccinations had been administered 
was available from previously accumulated data, and an examination 

{ this showed that the postoperative mortality rate in the group in which 
the rise of temperature after the second vaccination was lower than after 
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the first was considerably lower than the postoperative mortalit 
in the group in which the postvaccinal rise of temperature after 
second was higher than that after the first. 

The results just summarized suggest that the efficiency of intra. 
peritoneal injection of vaccine in conferring immunity could be increased 
if instead of a single administration prior to operation more than one 
vaccination were utilized and that this procedure could be guided by the 
postvaccinal rise of temperature after the first vaccination. A plan that 
might be suggested is to include multiple intraperitoneal injections over a 
period of six to eight days prior to operation. 

In these studies am intraperitoneal vaccine consisting of a sterile 
suspension of Esch. coli and green-producing streptococci was utilized. 
Other studies, including that of Morton, who accumulated data following 
intraperitoneal injection of solutions of sodium chloride, indicate that 
other solutions injected intraperitoneally may also be effective against 
postoperative peritonitis. In any further controlled studies of this 
subject, it is therefore to be kept in mind that other solutions than the 
ones we utilized might also be included. 
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RESULTS FOLLOWING LIGATION OF THE 
INTERNAL CAROTID ARTERY 


WALTER E. DANDY, M.D. 


BALTIMORE 


It has long been known that ligation of the internal or common 
carotid artery is followed by (1) a high mortality rate and (2) a 
high percentage of cerebral complications. Some of the patients in 
whom cerebral complications develop survive with residual sequelae, 
such as varying degrees of hemiplegia, aphasia, mental changes and 
epilepsy. In prelisterian days the surgical mortality rate from carotid 
ligation approached and frequently surpassed 50 per cent. It has 
since been learned that the mortality rate is less when wounds are 
clean and that sepsis was responsible for many deaths through the 
intravascular spread of an infected thrombus into the cranial chamber. 
However, precisely the same sequence of events occurs with and with- 
out sepsis; the only difference is in the relative frequency. There 
are two causes of death and disability: (1) cerebral anemia from 
inadequate collateral circulation through the circle of Willis, the effects 
of which appear immediately and may be abrupt or progressive, and (2) 
cerebral thrombosis and embolism, the effects of which are late in 
appearing, i. e., develop twelve hours to several days later, and are usually 
abrupt, though at times a preceding small attack may warn of the 
impending event. 

The purpose of this communication is to show that (1) by care 
in the preoperative tests for the adequacy of collateral circulation in 
the brain and (2) by the proper choice of the methods of ligation these 
risks can now be largely eliminated. 

Pilz* collected 600 cases of common carotid ligation, the mortality 
rate being 38.5 per cent and cerebral complications being present in 32 
per cent. Lefort ? reported a mortality rate of 54.5 per cent. Wyeth * 
and Ballance and Edmunds‘ reported 789 collected cases in each of 


1. Pilz, C.: Zur Ligatur der Arteria carotis communis, nebst einer Statistik 
dieser Operation, Arch. f. klin. Chir. 9:257, 1868. 


2. Lefort: A. carotis, in Archambault; Arnould, J.; Axenfeld; Baillarger, and 


others: Dictionnaire encyclopédique des sciences médicales, Paris, 1879, vol. 12, 
p. 621. 


3. Wyeth, J. A.: Essays on the Surgery and Surgical Anatomy of the Great 
Vessels of the Neck, New York, William Wood & Company, 1879. 


4. Ballance, C. A., and Edmunds, W.: A Treatise on the Ligation of the 
Great Arteries in Continuity, London, Macmillan & Co., 1891. 
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their writings with a mortality rate of 41 per cent (they probably had 
reference to the same material). The writings of these authors give a fair 
estimate of the risks to life in the days when operations were almost 
always attended by sepsis. 

In 1891 Zimmermann ° collected 65 cases reported since 1880 with a 
mortality rate of 31 per cent and an incidence of cerebral complications 
of 26 per cent, and in 1899 Siegrist ° reported 825 cases collected since 
1880 with a mortality rate of 40 per cent. More recently, Cauchoix* 
reported 150 cases of ligation of the common carotid with a mortality 
rate of 10 per cent and 13 cases of ligation of the internal carotid with 
a mortality rate of 16.7 per cent; Walcker * reported a mortality rate 
of 40 per cent in 601 collected cases; Matas,° in 66 cases of his own 
(60 cases of ligation of the common carotid and 6 of ligation of the 
internal carotid), had 8 deaths (including 2 reported as due to angina) 
—representing a death rate of 12 per cent. The report of Matas 
brought the risk to the lowest figure yet obtained and represented the 
best work of an individual investigator rather than an ensemble of 
results collected from the literature. I have made no effort to separate 
ligations of the internal and common carotid arteries. It is frequently 
stated that ligations of the common carotid are less dangerous than 
those of the internal carotid because of the collateral circulation through 
the external carotid in the former. ‘Theoretically this appears reason- 
able, and perhaps there may be a slight difference, but I doubt that it 
is much. A recent report by Watson and Silverstone *° of a death rate 
of 55 per cent and of an incidence of cerebral complications of 70 per 
cent in their 20 cases should be noted in passing. In all of their cases, 
however, the ligations were done in conjunction with the removal of 
large carcinomatous masses (many of them ulcerated and infected) in 
the neck. Such statistics cannot give a fair appraisal of the risks 
incurred with simple ligations of the carotid arteries, but they do indicate 
the dangers that attend the procedures. 

5. Zimmermann, W.: Ueber die Gehirnerweichung nach Unterbindung der 
Carotis communis, Beitr. z. klin. Chir. 8:364, 1891. 

6. Siegrist, A.: Die Gefahren der Ligatur der grossen Halsschlagadern fiir 
das Auge und das Leben des Menschen, Arch. f. Ophth. 1:511, 1900. 

7. Cauchoix, cited by Niedner, F.: Ueber die Unterbindung der Arteria 
carotis, Beitr. z. klin. Chir. 171:524, 1941. 

8. Walcker, F.: Eimige neue Wege zur Vorbestimmung der méglichen Kom- 
plikationen nach der Unterbindung der A. carotis communis, Arch. f. klin. Chir 
130:736, 1924. 

9. Matas, R.: Classified Summary of Six Hundred and Twenty Operations 
upon the Blood Vessels, Performed for All Causes, Tr. Am. S. A. 58:335, 1940. 

10. Watson, W. L., and Silverstone, S. M.: Ligature of the Common Carotid 
Artery in Cancer of the Head and Neck, Ann. Surg. 109:1, 1939. 
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RESULTS IN THIS SERIES OF EIGHTY-EIGHT LIGATIONS 
(PARTIAL AND TOTAL) 


In this series, except for 3 ligations of the common carotid, all have 
been ligations of the internal carotid. In each of the 3 exceptions, 
however, in addition to the common carotid the external carotid was 
tied, so that the equivalent of ligation of the internal carotid was done. 
All ligations were. performed by myself or my associates, and all were 
“clean cases.” In all but 3 of the cases of partial ligation, total ligation 
was done subsequently. In the overwhelming percentage of the cases 
the ligations were performed for verified arterial or arteriovenous 
aneurysm of the brain; in a few they were done for brain tumor. The 
ligations may be divided into three groups: (1) partial ligation in the 
neck (with fascial bands), 25 cases; (2) total ligation in the neck, 36 
cases; (3) total intracranial ligation (with silver clips), 27 cases. The 
total number of cases was 88. 

Partial Ligation in the Neck.—Partial occlusion of the internal 
carotid with fascial bands was done in 25 cases. Immediate cerebral 
complications developed in 3 cases (12 per cent) ; death occurred in | 
case (4 per cent). 

The single death was due to an aneurysm that was known to have 
ruptured at the time of the ligation. The ruptured aneurysm therefore 
probably did not contribute to the death but perhaps did induce the 
paralysis. 

In the 3.cases in which there were immediate complications, the band 
was removed in each instance within a few hours with the following 
results: complete return of function in 1; complete return of speech 
but not of motor power in 1; no improvement in 1. 

In 15 cases the lesion for which the carotid was ligated was intra- 
cranial arterial aneurysm; in 9 cases it was intracranial arteriovenous 
aneurysm. 

The ages of the patients were 33, 36, 36, 38, 38, 40, 45, 45, 48, 

52, 53, 54, 56, 58, 60, 61, 67, 68, 68, 68, 70, 72 and 73 years. 


The ages of the 3 patients with cerebral complications were 56, 58 
and 70 years respectively. 


Total Ligation in the Neck.—Total ligation in the neck was done 
in 36 cases. In 7 cases it was done after partial ligation in the neck; 
in these 7 cases there were no immediate or late cerebral complications, 
and there was 1 death. In 12 cases it was done after incracranial clip- 
ping of the carotid; in these cases there were no cerebral complications 
or deaths. In 17 cases it was done without any prior attack on the 
artery; in these cases there were no immediate cerebral complications, 
but in 1 case there were late cerebral complications followed by death. 

The age of the patient with the cerebral complication (hemiplegia) 
was 13 years. Hemiplegia occurred suddenly twenty-four hours after 
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the artery had been tied. The patient died eighteen days later.) ost- 
mortem examination was not obtained. This complication and death 
could, I am sure, now be avoided by tying the artery over a band of 
fascia lata. 

The death noted as following partial ligation, which was done when 
the patient was dying and was not in any way responsible for her 
death, was shown at necropsy to have been due to multiple scattered 
venous thrombi. In view of these observations the ligation was ill 
advised. Her original lesion was a carotid arteriovenous aneurysm. It 
was for this that the original partial ligation had been performed. The 
relation, if any, between this lesion and the multiple venous intracranial 
thrombi is not clear. 

The ages of the patients in whom the internal carotid was ligated 
were as follows: (1) of those whose internal carotid was ligated after par- 
tial occlusion—38, 48, 50, 52, 53, 54 and 68 years; (2) of those whose 
internal carotid was ligated after intracranial clipping—20, 20, 23, 28, 
36, 37, 38, 42, 43, 47, 48 and 54 years ; (3) of those whose internal carotid 
was ligated without prior attack on the artery—13, 18, 23, 23, 24, 27, 
28, 32, 35, 36, 39, 43, 45, 47, 48, 48 and 55 years. 

In 15 cases the lesion for which the carotid was ligated was intra- 
cranial arterial aneurysm; in 20 cases it was carotid-cavernous and cere- 
bral arteriovenous aneurysm; in 1 case it was tumor of the gasserian 
ganglion. 


Total Intracranial Ligation.—The internal carotid was clipped intra- 


cranially in 27 cases. In 6 cases this was done after partial ligation in 


the neck; in these cases there were no cerebral disturbances, but there 
was | death. In 6 cases the clipping was done after total ligation in the 
neck ; in these cases there were no cerebral disturbances or deaths. In 
15 cases the clipping was done without prior attack on the artery in the 
neck ; in 1 of these cases there was an immediate cerebral complication. 

The single death (giving a mortality rate of 4 per cent) was due to 
rupture of the carotid when an undersized clip was applied to a greatly 
enlarged arteriosclerotic artery. The single immediate cerebral compli- 
cation (hemiplegia) was due to inadequate collateral circulation in the 
circle of Willis. Since this was known beforehand from the positive 
reaction to the Matas test, it was poor judgment to take the chance 
involved in clipping the artery intracranially. 

In 16 cases the lesion for which the internal carotid was clipped 
intracranially was intracranial arterial aneurysm; in 9 it was carotid 
cavernous arteriovenous aneurysm; in 2 it was tumor of the gasserian 
ganglion. 

The ages of the patients were 18, 20, 20, 21, 23, 23, 23, 24, 27, 28, 32, 
36, 38, 37, 42, 43, 45, 45, 45, 47, 48, 52, 53, 53, 54, 58 and 60 years. 
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Summary of Results of All Eighty-Eight Ligations—Among all 88 
cases in which ligation was done there were immediate cerebral compli- 
cations in 4, or 4.5 per cent, late cerebral complications in 1, or 1.1 per 
cent, and deaths in 4, or 4.5 per cent. 


COMMENT 


It is certain that in 1 case of total ligation the death was in no way 
connected with the operation, for the patient was dying at the time liga- 
tion was done. The operation was a desperate but ill considered attempt 
to do something for a condition which could not be diagnosed but which 
was thought to be related to an arteriovenous aneurysm which had noth- 
ing to do with the patient’s impending death. In another case death 
was due to rupture of an intracranial aneurysm which was known to have 
broken at the time the operation was performed. If these 2 cases are 
eliminated, the mortality rate is 2.25 per cent. With greater care in 
applying an intracranial silver clip another death would have been pre- 
vented, and finally, if a band of fascia had been interposed between the 
internal carotid and the silk ligature, there is reason to believe that the 
late-appearing hemiplegia and subsequent death would have been avoided. 
With careful preoperative care in the choice of ligations of the internal 
carotid and with the best of operative skill, ligations of this vessel should 
now be possible with little risk. 

From the complications already mentioned it can be seen that partial 
ligations are the most hazardous. There can be no doubt that the appli- 
cation of the Matas test *t used throughout this series, i. e. compression 
of the internal carotid with the finger for ten minutes to determine 
whether or not cerebral functions are disturbed, is responsible for the 
low figures both of mortality and cerebral complications. Without this 
test and the resulting operative attack, the results in this series would 
scarcely have been different from those of other reports. A high per- 
centage of patients, regardless of age (but certainly increasing with age), 
will not tolerate total ligation of the carotid, but by partial closure of the 
carotid the cerebral collateral circulation becomes quickly established, 
and complete closure can be safely concluded later. The exact time 
between the partial and total closures of this vessel has been determined 
empirically. At first an interval of four to six weeks was thought to be 
advisable, but gradually this was lessened until now a week is considered 
ample, and in one of the most severe tests in this series (a large carotid 
aneurysm) the total closure was made after four days. By this means 


ll. Matas, R.: Testing the Efficiency of the Collateral Circulation as a Pre- 
liminary to the Occlusion of the Great Surgical Arteries, J. A. M. A. 63:1441 
(Oct. 24) 1914, 
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the reduced flow of blood through the internal carotid is adequate for the 
cerebral blood supply, but at the same time the demand is made for 
the anterior and posterior communicating arteries to supply the deficit 
that is created. 

In none of the cases was there any disturbance when total ligation 
followed preliminary partial closure. And without the Matas test most if 
not all of these patients would certainly have been lost or badly crippled 
by the effects of inadequate cerebral circulation if the total occlusion had 
been done first. 

Only once did preliminary partial ligation fail to establish the col- 
lateral circulation so that total occlusion could be performed. This was 
in the last case included in this report. Two months earlier I had done 
partial ligation of the carotid for post-traumatic carotid-cavernous arterio- 
venous aneurysm. The patient was so much improved that he was 
allowed to return home with the hope that the intra-arterial thrombosis 
would clear the lesion in time. When he subsequently returned, com- 
pression of the carotid could still not be sustained, numbness of the arm 
developing within a minute. The lumen of the carotid was then further 
reduced by another band. At the time of the operation (with the patient 
under local anesthesia) temporary direct occlusion of the artery with 
forceps produced precisely the same numbness of the arm as the Matas 
test. It can only be assumed that the circle of Willis was congenitally 
defective (the patient’s age at the time of writing is 36), that probably 
one of the communicating branches was absent and that the other was too 
small to maintain the cerebral circulation. One week later the artery 
was totally ligated in the neck and clipped intracranially without any 
untoward effects. 


PARTIAL CLOSURE OF THE INTERNAL CAROTID 


Throughout this series of cases a band of fascia lata was used for 
partial closure of the internal carotid. It has the advantage of a living 
tissue, is soft and can therefore be removed with ease and safety if signs 
of vascular anemia develop. Dr. W. S. Halsted ** performed many 
experiments on animals, using all types of bands, and concluded that 
metallic (aluminum) rolled bands were superior, even though at times 
the vessel was eroded by the band. His objection to fascia lata was the 
disintegration of the fascia due to the strong arterial pulsation. How- 
ever, his experiments were performed on the abdominal aorta, which 
is larger and has a more violent pulsation. Even on the internal carotid 
the fascia does disintegrate, the fibers fragmenting, but apparently this 


12. Halsted, W. S.: Partial, Progressive and Complete Occlusion of the Aorta 
and Other Large Arteries in the Dog by Means of the Metal Band, J. Exper. 
Med. 15:373, 1909. 
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can be entirely overcome either by doubling the fascial band or encircling 
the vessel twice ; the fascia then does not break up. In 4 instances I have 
subsequently removed the section of the carotid covered by the double 
hands and subjected them to microscopic study; the fibers appeared to 
he intact after intervals of two to four months. One noticeable difference 
appears to be evident, that there is always a reaction and deposition of 
new tissue about a band, but it is far greater when the band is single 
and the fibers fragmented ; the fibers are then engulfed in such a dense, 
bulbous, fibrous mass that the original fascia (after two months) can 
scarcely be found on gross dissection. When the band is double, the 
original band is just as distinct as when it was applied. With either the 
single or the double layer of fascia, however, the result is essentially 
the same. In addition to the constriction by the band itself, there is 
gradually added an increasing constriction of the lumen by the added 
connective tissues. In time total occlusion would probably ensue. 

The first application of fascial bands to human arteries was probably 
made by Perthes** and has since been used by Freeman and in 
improved fashion by Kerr.*® Pearse *® recently suggested cellophane 
bands because of the marked connective tissue reaction that follows and 
which in time gradually obliterates the lumen, but I see no advantage 
over the fascial bands which do precisely the same thing though perhaps 
more slowly. There is apparently no need ‘for greater rapidity of 
progressive constriction of the lumen than that produced by fascia lata. 
Whether or not the lumen would be too rapidly constricted by the 
cellophane reaction I do not know. 

The degree of initial constriction of the lumen of the carotid is all 
important and requires great care. At best it is a rough estimate guided 
by the appearance of the constricted region and by the effect on the 
pulsation above the band. Since in 3 of my earlier cases cerebral dis- 
turbances developed owing to too much constriction, I have preferred 
to err on the side of too little constriction rather than that of too much 
and to depend on the subsequent tissue reaction to increase it. Roughly 
a reduction of the lumen by one half is safe and has led to no cerebral 
symptoms in recent years. This still leaves a good pulse above but one 
distinctly less than that below the band. It is less than the thrill stage, 

13. Perthes: Ueber die Ursache der Hirnst6érungen nach Karotisunterbindung 
und uber Arterienunterbindung ohne Schadigung der Intima, Arch. f. klin. Chir. 
114: 403, 1920. 

14. Freeman, L.: The Causation and Avoidance of Cerebral Complications in 
Ligation of the Common Carotid Artery, Ann. Surg. 74:316, 1921. 

15. Kerr, H. H.: Fractional Ligation of the Common Carotid Artery in the 
Treatment of Pulsating Exophthalmos, Surg., Gynec. & Obst. 46:565, 1925. 

16. Pearse, H. E.: Experimental Studies on the Gradual Occlusion of Large 
\rteries, Tr. Am. S. A. 58:443, 1940. 
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which is much too far. In none of the partial constrictions that haye 
been done in the past four years have there been any adverse after. 
effects. 

In 1 of the earlier cases removal of the fascial band restored the 
cerebral functions. Similar results have been reported by Matas 
(aluminum band) and Moses (fascial band).** In order to appraise 
the immediate response to partial ligation, the operation should be per- 
formed with the patient under local anesthesia, or at least one of the 
anesthetics from which consciousness is quickly restored should be used. 
It is important also that the band be removed when the first sign of 
cerebral failure is manifest, for progression of the disturbance js 
probable. 


CAUSE OF LATE CEREBRAL DISTURBANCE FROM CAROTID LIGATIONS 


The immediate cerebral complications, of which hemiplegia is the 
outspoken evidence, are clearly explained on the basis of inadequate 
circulation to the affected side of the brain. The late cerebral involve- 
ment is just as certainly explained on the basis of a propagating 
thrombus in the carotid, or possibly in some cases an embolus that has 
broken off from a thrombus and lodged in the cerebral arteries. Usually 
the onset is precipitate, but there may be premonitory cerebral attacks 
with recovery, followed in the succeeding twenty-four to forty-eight 
hours by the complete loss of function. 


The pathologic reports confirming this view are not numerous but 
are conclusive. Zimmermann ®* collected 5 reported cases with post- 
mortem examinations of the carotid artery following ligations; in all 
there were thrombi extending the length of the carotid in the neck. Two 
of the specimens were examined intracranially, and all three branches 
of the carotid (in the brain) were filled with a continuation of the 
thrombus (Verneuil’s case, 1871) and (Schanborn’s case, 1879). In 
4 of his own cases the entire carotid in the neck was closed by a 
thrombus, and in 1 of these it was continuous into the ophthalmic and 
middle cerebral arteries. Stierlin and Meyerburg ** reported a specimen 
obtained after a bullet wound in the neck in which the internal carotid 
was not torn; the thrombus extended from a point 4 or 5 cm. above the 
carotid bifurcation into the anterior cerebral and middle cerebral arteries 
and their branches. In another of Zimmermann’s cases (following 
thyroidectomy), the thrombus extended down the external carotid into 


17. Moses, H.: MHirnstérungen nach Carotisunterbindung, Zentralbl. f. Chir 
9:321, 1921. 

18. Stierlin and Meyerberg: Die fortschreitende Thrombose und Embolie im 
Gebiet der Carotis interna nach Contusion und Unterbindung, Deutsche Ztschr. f. 
Chir. 142:1, 1920. 
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and up the internal carotid artery and closed the middle cerebral artery. 
Cerebral symptoms appeared suddenly four days after the operation, 
and death occurred two days later. Perthes traced a postoperative 
thrombus (artery tied at the base of the skull) into all three intracranial 
branches of the internal carotid. Paralysis and aphasia appeared eight 
hours after the ligation and were complete in three hours. Death 
occurred six days later. The intima and the media had been cut by the 
ligation. In another of Perthes’ cases hemiplegia developed during the 
night following ligation of the carotid. There were a thrombus at the 
site of the ligature and an embolus in the terminus of the intracranial 
portion of the carotid. Apparently the thrombus was not continuous, 
but a fragment of it was carried up the carotid. 

An interesting case was recorded by Esmarch.*® While an aneurysm 
of the carotid in the neck was being palpated, the patient suddenly 
became hemiplegic and died three days later. Necropsy showed a 
thrombus formation (from an embolus) in the internal carotid from the 
ophthalmic artery into the middle cerebral and anterior cerebral arteries 
and their branches. 


In a personal communication Dr. Cyril Courville, of Los Angeles, 
has forwarded me unpublished reports of carefully studied postmortem 
examinations made in 2 cases. In 1 case a thrombus extended the 
entire length of the internal carotid and into the anterior and middle 
cerebral arteries. In the other the artery in the neck contained a 


thrombus that extended part way up the neck, and an embolus had 
lodged in the middle cerebral artery, the anterior cerebral artery being 
intact. 

I *° recently reported a necropsy specimen (nontraumatic and non- 
operative) from a spontaneously arising thrombus that extended con- 
tinuously from the bifurcation of the carotid into the middle cerebral 
artery and its branches and for some distance into the anterior cerebral 
artery. It apparently arose from a defective calcified area in the artery 
within the carotid canal (see illustration). 

Pettermann ** reported 4 cases of sudden cerebral death after carotid 
ligations with postmortem studies in 3. Softening in the brain was 
reported in one, and a thrombus of the internal carotid extending from 
the ligature was reported in another. Although he explained the 
cerebral disturbances by propagation of thrombi (and they undoubtedly 


19. Esmarch, F.: Embolische Apoplexia durch Lésung von Fibringerinnseln 
aus einen Aneurysma der Carotis, Virchows Arch. f. path. Anat. 11:410, 1857. 

20. Dandy, W. E.: Carotid-Cavernous Aneurysms (Pulsating Exophthalmos), 
Zentralbl. f. Neurochir. 2:77, 1937. 


21. Pettermann: Unterbindung der A. carotis interna, Zentralbl. f. Chir. 59: 
3073, 1932. 
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are due to this), the pathologic studies were not sufficiently complete to 
use for evidence. 

Fetterman and Pritchard ** reported the postmortem observations 
in the case of a patient aged 37 whose internal carotid had been ligated 
one and one-half years earlier; two and one-half hours after the 
operation aphasia and right hemiplegia resulted. The internal carotid 
(intracranially) was completely obliterated. No note was made con- 
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Drawing of a thrombus extending from the common carotid artery through 
the entire length of the internal carotid artery and into the three intracranial 
branches of this vessel. The cause of this thrombus is not known, but the oldest 
part of the thrombus appears to be in the cavernous portion of the internal carotid, 
and here alone there is marked calcification in the media, principally in the elastic 
layer and the thinning portion of the intima. 


cerning the extension of the thrombus into the middle cerebral artery, 
nor can one determine this from the excellent photographs of the 
exterior of the cerebral vascular tree. The posterior communicating 


22. Fetterman, J. L., and Pritchard, W. H.: Cerebral Complications Follow- 
ing Ligation of the Carotid Artery, J. A. M. A. 112:1317 (April 8) 1939. 
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artery was absent on that side and small on the other, but the anterior 
cerebral artery appears to have been of ample size to take care of the 
collateral circulation. 


In a recent communication Schorstein ** argued at some length to 
refute this explanation of the cause of cerebral complications after carotid 
ligations. These he explained by anoxemia and without actual occlusion 
of the vessels. He based his conclusions on 3 cases reported by others, 
in none of which was a thrombus seen at autopsy. However, a lesion 
of this kind may well have been missed. He admitted that in 1 of the 
cases the local pressure of the intracranial aneurysm may have been 
responsible; this compression would, of course, act precisely like an 
intravascular occlusion from a thrombus, and the end result would 
therefore be essentially the same. 


Schorstein failed to differentiate between the immediate and late 
sequelae of carotid ligations. The former, occurring within the first six 
or eight hours, are unquestionably due to anoxemia, but after this period, 
in which the cerebral circulation has been tested and proved adequate, 
subsequent disturbances of the brain can be due only to intracranial 
occlusions from thrombi or emboli. 


PREVENTION OF THROMBI AND EMBOLI IN CLEAN WOUNDS 


From a long and carefully studied series of vascular occlusions, Dr. 
Halsted ** concluded that injury to the intima was responsible for the 
development of intravascular thrombi. This view has since been amply 
supported by experimental and clinical data. A silk ligature applied 
tightly enough to obliterate a large artery always cuts the intima and 
the media, and this wound is the starting point for the thrombus. 
Doubtless the diminished pressure and flow within an occluded large 
artery is also an important item in thrombus formation. This was long 
ago stressed by Virchow and later by Senn* and by Perthes. A 
retarded circulation is doubtless also an important factor in the formation 
of venous thrombi and subsequent pulmonary emboli. 


Realizing the importance of intimal injury from ligatures as the 
cause of late cerebral complication, Perthes suggested two methods of 
obliterating the artery by which the intima would not be injured: (1) 
by tying the artery with a band of fascia lata (using a knot) and (2) by 
tying the artery around an interposed bar of fascia lying on one side 


23. Schorstein, J.: Carotid Ligation in Saccular Intracranial Aneurysms, Brit. 


J. Surg. 28:50, 1940. 


24. Halsted, W. S.: The Effect on the Walls of Blood Vessels of Partially 
and Completely Occluding Bands, Baltimore, Johns Hopkins Press, 1924, p. 585. 


25, Senn, N.: Cicatrization of Blood-Vessels After Ligature, Tr. Am. S. A. 


2:249. 1885. 
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of the artery. Kerr improved this procedure by suturing the jascia 
(for partial occlusion). In recent cases I have placed a band of fascia 
around the carotid for either partial or complete occlusions; i: the 
former the artery is subsequently tied with silk around the band of 
fascia, and in the latter the silk ligature is applied over the fascia to 
make the total ligation initially. I feel certain that had this been done 
in my single case of late cerebral complication and death, the disaster 
would not have occurred. 


CLIPPING THE CAROTID INTRACRANIALLY 


Clipping the carotid intracranially has become a frequently used 
procedure in the treatment of certain intracranial aneurysms, both 
arterial and arteriovenous, and is occasionally necessary with tumors 
in the region of the cavernous sinus and the gasserian ganglion. The 
clip is placed astraddle the artery and closed by light compression. 
Except for a death from rupture of an oversized arteriosclerotic artery 
when applying an undersized clip there were no fatalities. The only 
cerebral complication was an immediate one which occurred when the 
artery was closed despite a preoperative warning by the Matas test that 
the collateral circulation was inadequate (pressure on the carotid was 
tolerated only five minutes). Such developments as these would now be 
better handled and the sequelae avoided. I have had occasion to 
reexpose at operation two clips, each after a period of several months, 
and in neither of the cases was there any thrombus formation on the 
cardiac side of the clip, the carotid being normally full and compressible 
about the clip. And in no case was there any late cerebral complications. 
It therefore appears to be an ideal method of occluding the internal 
carotid intracranially. And because the intracranial division of the 
internal carotid is so much smaller than the cervical portion (perhaps 
five times as small), I feel more secure against thrombus formation 
when it is clipped intracranially than when the artery is ligated in the 
neck. When both intracranial and cervical ligations are indicated, | 
therefore prefer to do the intracranial one first. Certainly the pos- 
sibility of a propagating thrombus is less with a small artery than with 
a large one. 

SUMMARY AND CONCLUSIONS 


Eighty-eight partial and total ligations of the internal carotid artery 
are included in this report. Death occurred in 4 cases (a mortality rate of 
4.5 per cent) ; immediate cerebral complications were present in 1 case 
(1.1 per cent), and late complications were present in 4 cases (4.5 per 
cent). By evaluating and avoiding the causes and the sequelae the 
subsequent results should be improved. 
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The Matas test, which demonstrates the efficiency or nonefficiency 
{ the collateral cerebral circulation, is all important in avoiding disaster 
following immediate total ligation of this vessel. 
After partial ligation of this vessel (with fascial bands) a later total 
usion can be safely performed in one to two weeks, or even less. 
The great danger in partial occlusion is in obliterating the lumen 
too far. If cerebral signs develop during the succeeding six or eight 
hours, the band can be removed, and at times the cerebral circulation will 


oc cl 


be restored. ie | 
For total ligation of this vessel an interposed fascial band is probably 
the best assurance against thrombosis and the resulting late cerebral 


complications. 7 2 
Clipping the internal carotid artery intracranially is relatively safe 
and easy and is essential in treating many intracranial aneurysms. 


The Johns Hopkins Hospital. 





INFLUENCE OF HYPOPHYSECTOMY ON THE 
EPITHELIZATION OF WOUNDS AND 
ON FIBROPLASIA 


C. B. MUELLER, M.D. 
AND 
EVARTS A. GRAHAM, M.D. 


ST. LOUIS 


Wound healing, a thoroughly fundamental biologic problem, has been 
subjected to a great deal of investigation with the production of many 
methods of attack and many sets of results often at variance with each 
other. The factual observation of healing has been carefully carried out 
and recorded, while the causative agents and the modifying stimuli have 
been less well explained. The capacity to repair injury in a tissue 
decreases with increasing specialization of that tissue, and in highly 
specialized structures substitutive repair by means of fibroplasia occurs, 
while epithelium retains the ability.to repair denuded surfaces. It is 
the purpose of this paper to study what effect the removal of the hor- 
mones of the pituitary and of those glands under the control of the 


pituitary has on the ability of an animal to exert reparative epithelial 
growth or reparative fibroplasia. 


The investigations of Loeb* opened the way for modern studies of 
epithelization by demonstrating that the squamous cells of the external 
epithelium possess the property of ameboid movement, which is called 
into play whenever denudation occurs and that by the formation of 
epithelial tongues closure is primarily effected. Loeb? subsequentl 
classified the various mechanisms of wound healing as increases in 
ameboid movement, in mitosis, in cell size, in thickness of the stratum 
germinativum, in the number of cell rows and in the number of cells. 
All but the first reach maximum intensity at the time of closure ; ameboid 
movement is most active in the early stages of epithelization. These 
fundamentals have been confirmed by Carrel, Burrows, Arey, Herrick 


From the Department of Surgery, Washington University School of Medicine, 
and Barnes Hospital. 


1. Loeb, L.: ‘Ueber Regeneration des Epithels, Arch. f. Entwcklngsmech. 4 
Organ. 6:297, 1898. 


2, Loeb, L.: A Comparative Study of the Mechanism of Wound Healing, ] 
M. Research 41:247, 1920. 
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and Holmes. Carrel, however, emphasized the importance of the latent 
period and the granular retraction period before epithelial migration 
occurs. 

The factors involved in the establishment of a healing response have 
heen studied extensively. Loeb was convinced of the importance of the 
role of the wound as a foreign body in stimulating the ameboid activity 
of the epithelial cells much as a microscopic foreign body might stimulate 
the more active leukocytes into ameboid movement. Carrel * investigated 
the role that irritants play in initiating contraction of the wound and the 
role that embryonic tissue juices play in fibroplasia and emphasized the 
fibroplastic character of cicatrization. Altered metabolism and degenera- 
tive products of tissue destruction were observed by Kornfeld* to 
increase wound healing. The diminution in the size of epithelial wounds 
was studied by Burrows,°® who concluded that stagnation of circulation is 
the stimulus to repair. Similar methods were used by Lauber,® who 
observed that parenteral injections of gonadotropin (“prolan”) and of 
posterior pituitary extract increase the rate of cicatrization, that andro- 
gens are effective in subjects of both sexes and that estrogens are espe- 
cially efficacious in female subjects. Ceccarelli* concluded that local 
application of anterior pituitary extract increases the initial response but 
does not shorten the total healing time. 


Lauber ® and others found that various administrations of thyroid 
extract reduce the healing time of skin lesions in the rat by almost 50 per 
cent. Many workers have found that administration of testis and thyroid 
pulp, either by direct application to the wound, by subcutaneous injection 
or by oral administration has resulted in the acceleration of healing. 
Surgical removal of the gonads, however, does not influence healing, 
though resection of the thyroid and the parathyroids was said by Kos- 
doba* and others to cause retardation of wound healing ; implantation 


3. Carrel, A.: Cicatrization of Wounds: XII. Factors Initiating Regeneration, 
J. Exper. Med. 34:425, 1921. 

4. Kornfeld, W.: Ueber den Zellteilungsrhythmus und seine Regelung, Arch. f. 
EntwckIngsmech. d. Organ. 50:526, 1922. 

5. Burrows, M. T.: Studies on Wound Healing: I. First Intention Healing of 
Open Wounds and the Nature of the Growth Stimulus in the Wound and Cancer, 
J. M. Research 44:615, 1924. 

6. Lauber, H. J.: Experimentelle Untersuchungen iiber die Beziehungen der 
nnersekretorischen Driisen zur Wundheilung, Beitr. z. klin. Chir. 157:244, 1933. 

7. Ceccarelli, G.: Sul problema della rigenerazione: influenza del sistema 
ndocrino nella rigenerazione della pelle e delle ossa, Arch. ital. di chir. 27:641, 
930. 

8. Lauber, H. J.: Innere Sekretion—Infektionsbereitschaft und Wundheilung, 
Munchen. med. Wehnschr. 77:434, 1930. 


9. Kosdoba, A. S.: Wundheilung und Schilddriise, Arch. f. klin. Chir. 179: 
351, 1934, 
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may or may not accelerate healing. Direct application of adrenal gland 
or injections of epinephrine were observed by Lauber and others tp 
shorten healing time. Other workers, including Kosdoba,’® found that 
attempts to stimulate the adrenal gland result in lengthening the healing 
time. 


The importance of fibroblastic proliferation in the healing of wounds 
of all types is well recognized, and many attempts have been made to find 
some factor which will modify the rate of fibroplasia in the hope of affect- 
ing wound healing. Extensive studies by Carrel and Ebeling ™ on the 
growth of fibroblasts in vitro led them to the conclusion that embryonic 
tissue juices contain a substance which stimulates and prolongs the mul- 
tiplication of fibroblasts. This coincided with the observation by 
Du Nouy ** that the healing rate in human beings is related to the age 
of the persons, and mathematical formulas were derived showing that the 
rate of fibroplasia decreases with increasing age. Howes and Harvey’ 
showed that the rate of fibroplasia in young and adult rats is the same 
but that in the young animals the latent period is shorter and that there 
is less retardation of growth when healing is nearly completed than in 
adult rats. Howes, Sooy and Harvey ** plotted curves of the tensile 
strength of healing wounds and correlated the recovery of strength with 
the fibroblastic activity. Howes and associates ** found that dietary defi- 
ciency in adult rats has no effect on wound healing but definitely retards 
healing in young rats. Hammett *® observed that sulfhydril increases 


the number of mitoses in onion root tip and expressed the opinion that 
the growth-accelerating influence acts to increase the number of mitoses 
but not to increase the cell size. Hammett and Reimann *’ noted that 
the presence of the sulfhydril radical as thioglucose speeds healing of 


10. Kosdoba, A. S.: Ueber den Einfluss der Nebennieren auf die Wundheilung, 
Arch. f. klin. Chir. 179:435, 1934. 


11. Carrel, A., and Ebeling, A. H.: The Multiplication of Fibroblasts in Vitro, 
J. Exper. Med. 34:317, 1921. 


12. Du Nouy, P. L.: Mathematical Expression of the Curve Representing 
Cicatrization, J. Exper. Med. 24:451, 1916. 

13. Howes, E. L., and Harvey, S. C.: The Age Factor in the Velocity of the 
Growth of Fibroblasts in the Healing Wound, J. Exper. Med. 55:577, 1932. 

14. Howes, E. L.; Sooy, J. W., and Harvey, S. C.: The Healing of Wounds 
as Determined by Their Tensile Strength, J. A. M. A. 92:42 (Jan. 5) 1929. 

15. Howes, E. L.; Griggs, H.; Shea, R., and Harvey, S. C.: Effect of Complete 
and Partial Starvation on the Rate of Fibroplasia in the Healing Wound, Arch 
Surg. 27:846 (Nov.) 1933. 

16. Hammett, F. S.: The Chemical Stimulus Essential for Growth by Increase 
in Cell Number, Protoplasma 7:297, 1929. 


17. Hammett, F. S., and Reimann, S. P.: Cell Proliferation Response to Sulf- 
hydryl in Mammals, J. Exper. Med. 50:445, 1929. 
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skin wounds in rats, and Reimann ** reported satisfactory healing of 
chronic ulcers in human beings, although granulations were excessively 
pre Jiferative. Carrel *® observed that irritants decrease the latent period 
and cause more rapid completion of epithelization in skin wounds of dogs. 
Voronoff and Bostwick *° found that adrenal pulp applied directly to 
wounds produces thick granulations. 

The object of this study was to determine what effect the withdrawal 
of pituitary hormones and of the secretion of the glands under pituitary 
control has on the epithelization of skin wounds and on the strength 
of wounds healing by fibroplasia. 


MATERIALS 


Normal young adult rats of the Wisconsin strain were used in this experiment. 
They were fed a diet of Purina dog chow and kept isolated during the course of the 
experiment. The Purina dog chow consisted of protein 22.5 per cent, fat 5.5 per 
cent, carbohydrate 50.25 per cent, fiber 3.75 per cent and ash 7 per cent. The cal- 
cium-phosphorus ratio was 1.75:1. Each gram contained 8.5 U. S. P. units of 
vitamin A and 2.3 U. S. P. units of vitamin D. The concentration of thiamine 
hydrochloride was 4 parts per million, of riboflavin 4.75 parts, of pantothenic acid 
10 parts and of niacin 35 parts. The animals were between 20 and 26 weeks old 
when used in the experiment, and hypophysectomy had been performed when 
they were 14 to 16 weeks old. Criteria for completeness of hypophysectomy 
were: 10 per cent loss in weight, loose thin skin, fine silky hair, emaciation, atrophy 
of the testes in the males and, seen post mortem, atrophy of the gonads, the adrenal 
and the thyroid glands. Inspection of the base of the brain made certain that no 
bit of pituitary was left. 


EPITHELIZATION 


In the first part of the experiment the reparative properties of 
epithelium of the skin were studied with 18 normal and 19 hypophy- 
sectomized rats. 


With the animals under anesthesia induced with soluble pentobarbital and ether, 
a skin flap 2 sq. cm. in area was resected from the right flank, and the animal 
was placed in a clean individual cage. In 2 normal animals there was superficial 
wound infection. These animals were discarded. On the first and every other 
subsequent day, the wound area was traced on cellophane and measured by means 
of a planimeter. The size of the original wound in the normal rats averaged 
slightly larger than in the hypophysectomized animals, owing perhaps to looseness 
of the skin and greater stretching before marking in the hypophysectomized rats 
and a greater degree of elasticity in the connective tissue of the normal animals. 


18. Reimann, S. P.: Use and Reasons for the Use of Thiocresol to Stimulate 
Wound Healing, J. A. M. A. 94:1369 (May 3) 1930. 


19. Carrel, A.: Cicatrization of Wounds: XII. Factors Initiating Regeneration, 
J. Exper. Med. 34:425, 1921. 


> . “47 . . ° 
20. Voronoff, S., and Bostwick, E.: Accélération intensive de bourgeonnement 


des plaies par l’application de pulpe testiculaire, Compt. rend. Acad. d. sc. 167:385, 
1918 
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The average wound was 2.06 sq. cm. in the 18 normal rats 
sq. cm. in the 19 hypophysectomized rats. On the fourth day, the 
wounds were approximately equal in size, 1.16 and 1.22 sq. cm., respec- 
tively, and the curves of healing were similar until complete healing was 
obtained on the seventeenth day (chart 1). 


and 1.87 


This part of the experiment had been divided into two parts. In 10 
normal and 8 experimental animals the 2 sq. cm. was of rectangular 
shape, and in 8 normal and 11 experimental animals the wound was of 
circular shape. The original area and curves of healing were identical in 
both groups, and they have been combined. 

In 2 animals, not included in the results already given, the wound 
became infected. The resulting cicatrices were larger than those of the 
rest of the animals and showed the effect of abundant fibroblastic granu- 
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Chart 1—Curves showing decrease in area of healing wounds on the right flanks 
of normal and hypophysectomized rats. 


lations in the base of the wound. Complete healing in these cases occur- 
red on the eighteenth and twenty-first days. 


FIBROPLASIA 


In the second part of the experiment the reparative properties of 
fibroplasia were studied in 27 normal and 19 hypophysectomized rats. 


After ten hour fasting, with the animals under anesthesia induced with soluble 
pentobarbital and ether, an incision 2 cm. long was made through the left rectus 
muscle. The stomach was delivered, and a 1 cm. incision was made. This was 
closed with no. 000 plain catgut by a running mattress suture through the serosa 
and the muscularis. The abdominal wound was closed with fine silk, and the 
animal was permitted to eat and drink as soon as it wished after recovering from 
the effects of narcosis. 
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determine healing of the wound a method similar to that developed by 

was used. The rat was killed with chloroform and immediately opened, 

esophagus and the fundus of the stomach were tied off. A large cannula 

serted through the pylorus and tied in place. A mercury manometer on 

supply line indicated the pressure in the stomach. Air was introduced 

ly. so that the rise in pressure was approximately 100 mm. of mercury per 

ninute. Attempts were made to record pressure rises on a kymographion, but 

the friction and the weight of the system caused appreciably low results, so this 

was dispensed with, and the mercury column was watched closely to obtain the real 

pressure. During inflation of the stomach to the breaking point, the organ was 
kept moist by warm solution of sodium chloride. 


Fibroplasia as measured by the return of strength in the healing 
wound occurred from the fourth to the eighth day, when the wound was 


_:— NORMAL 
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Chart 2—Curves showing the return of strength in wounds of the stomachs of 
normal and hypophysectomized rats as measured by the method of introducing air 
under pressure until the wound breaks. 


as strong as the stomach itself, and in 50 per cent of the cases in which 
tests were made at the eighth day, the rupture occurred in the stomach 
wall and not at the wound. Analysis of the curves of healing obtained 
irom the two groups of animals shows that the average strength of the 
wounds of the hypophysectomized animals on the fourth day was about 
50 per cent greater than that of the controls. This tendency for the 
experimental animals to have wounds that were stronger than the normal 


animals was seen also at the second day when a wide difference appeared. 


21. Harvey, S. C., and Howes, E. L.: Effect of High Protein Diet on the 
locity of Growth of Fibroblasts in the Healing Wound, Ann. Surg, 91:641, 1930. 
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However, on the sixth day postoperatively there was no difference, and 
on the eighth day also, the strength of the wounds in the two groups 
was still the same, though in this case some of the wounds were not 
measured directly, since the stomach wall broke before the wound did. 
The curves of healing are shown in chart 2. These curves have the 
S shape which is so generally found in all biologic growth. 


COM MENT 


These results indicate that ameboid movement of the epithelium of 
the skin is not affected by the absence of various hormones of the pitui- 
tary or of secretions from any endocrine glands under the control of the 
pituitary. Tissue culture work of Carrel, Baker, Burrows, Holmes and 
others also showed that epithelium has ameboid motion in the absence 
of hormonal influence. 


Lauber found that injections of posterior pituitary extract and 
gonadotropin decreased the healing time of skin wounds from twenty- 
two days to fourteen or sixteen days. He noted that androgens reduced 
healing time by eight days in male rats and three days in female 
animals and that estrogens reduced healing in female rats from 
twenty-two to twelve days but were ineffective in male animals 
Di Natale and Midana * said that removal of the gonads has no effect 
on healing, but Merlini ** reported that transplantation of the testis has 
a favorable effect. Kosdoba found an increase in healing following the 
use of thyroid extract; he attributed this to an influence on the connec- 
tive tissue and the vascular tissue as well as to some alteration of the 
biochemical nature of the wound itself. However, in hypophysectomized 
animals with demonstrably low basal metabolic rates and atrophic 
gonads, we observed no alteration in the rate of epithelization or fibro- 
plasia. 

Lauber noted a six day decrease in the healing time after injecting 
epinephrine, and Santorsola ** found changes after unilateral adrenalec- 
tomy leading to decreased rate of healing proportional to the time elaps- 
ing after ablation of the gland. We observed no decrease in healing even 
with complete atrophy of the adrenals following hypophysectomy. 


22. di Natale, L., and Midana, A.: Ricerche sperimentali sulla influenza della 
tiroide, del testicolo e dell’ ovaio nel prozesso di cecatrizzazione delle ferite, Poli- 
clinico (sez. chir.) 38:21, 1931. 


23. Merlini, A.: Sulla influenza della tiroide e delle ghiandole sessuali ne! 
processo de cicatrizzazione delle ferite, Endocrinol. e. patol. costit. 3:174, 1928. 


24. Santorsola, D.: Influenza delle capsule surrenali sul trofismo: La guarigion 


delle piaghe asettiche negli animali monosurrenalectomizzati, Pathologica 23:46), 
1931. 





nee, and 
> groups 
vere not 
und did. 
have the 


elium of 
he pitui- 
‘ol of the 
Imes and 


absence 


‘act and 
twenty- 
reduced 
1 female 
ts from 
animals 
no effect 
estis has 
wing the 
- connec- 
nm of the 
ctomized 
atrophic 
or fibro- 


injecting 
lrenalec- 
ne elaps- 
ing even 
sectomy. 


enza della 
rite, Poli- 


ssuali nel 
1928. 
ruarigion¢ 


a 23:463, 


MUELLER-GRAHAM—HYPOPHYSECTOMY 541 


Though tissue changes make the skin loose and flabby, this does not 
affect movement of the epithelium. 

Harvey *° observed that fibroplasia in healing wounds starts out with 
maximum velocity and that the curves of healing that he obtained did 
not show an initial lag period but were the autokinetic or retardation 


phase of the typical S-shaped curve of biologic growth. The lag period 


in our curves may be either a true lag period or only the measurement 
of residual strength added to the wound by sutures holding the wound 
closed. We are not prepared to say which of these possibilities is 
correct. 
SUMMARY 

Skin over an area of 2 sq. cm. on the right flank of 18 normal and 19 
hypophysectomized young adult rats was resected; the animals were 
isolated; the wound was measured by means of cellophane and a wax 
pencil, and the area was calculated with a planimeter. There was no 
difference in the epithelization time of the wounds in the two series of 
animals. 

In the stomachs of 29 normal and 18 hypophysectomized rats, an inci- 
sion 1 cm. long was made and sutured with no. 000 plain catgut. At 
varying intervals after operation, air was introduced into the stomach 
under measured pressure, and the pressure at which the wound broke 
was recorded (Harvey’s method). The curves of healing of the two 
groups of animals were essentially similar in the phase of greatest fibro- 
blastic activity and most rapid return of strength. During the initial lag 
phase the wounds of the hypophysectomized animals were slightly 
stronger than those of the normal animals. We are unable to explain 
this. 

CONCLUSIONS 

Hypophysectomy causes no change in the rate of epithelization of 

skin wounds or of fibroblastic repair of stomach wounds in the rat. 


600 South Kingshighway Boulevard. 


25. Harvey, S. C.: The Velocity of the Growth of Fibroblasts in the Healing 
Wound, Arch. Surg. 18:1227 (April) 1929. 





ADENOMA OF THE BRONCHUS WITH SUCCESSFUL 
PNEUMONECTOMY 


REPORT OF A CASE 


DAVID G. MASON, M.D. 
SAN FRANCISCO 
AND 
THOMPSON COBERTH, M.D. 
THE DALLES, ORE. 


Prior to 1928 * little was known concerning the clinical and pathologic 
aspects of benign polypoid epithelial tumors of the bronchus. These 
were frequently thought to be atypical carcinoma. Clinically, many 
patients with such tumors were considered as having diverse forms of 


bronchopulmonary disease and were consequently subjected to incorrect 
and often protracted forms of treatment. In recent years a better 
understanding of these tumors has been brought about by the develop- 
ment of bronchoscopy, advances in theracic surgery and clinicopathologic 
studies. A number of excellent investigations during the last decade 
have shown this group of bronchial tumors to be fundamentally benign 


and amenable to surgical treatment. 

The following case illustrates many of the characteristics of this 
particular type of lesion. 

REPORT OF CASE 

Mrs. C. G., a 22 year old white woman, entered The Dalles Hospital on May 235, 
1938, for treatment of a chronic lung abscess. On two occasions (at 1 and 7 
years of age, respectively), a diagnosis of pneumonia involving the right lung had 
been made. For three years after the last attack of “pneumonia” she was “never 
well,” but between the ages’of 10 and 12 she began to feel better. When 12, she 
had her first pulmonary hemorrhage. From then to the time of admission to the 
hospital she had an average of two to four hemorrhages per month. These bouts 
of hemoptysis invariably occurred in the same manner. A rise in temperature t 
approximately 102 F. first occurred; the fever usually lasted three days and 
was followed and terminated by a sudden evacuation of blood and, later, of pus. 
When 16, she married and soon became pregnant. At the time of delivery sh« 
was in a critical state because of repeated hemorrhages from the lungs. Following 
the birth of her child she lost weight rapidly and at the age of 17 entered the 


From the Department of Pathology, University of Oregon Medical School, 
Portland, Ore., and The Dalles Hospital, The Dalles, Ore. 

1. Reisner, D.: Intra-Bronchial Polypoid Adenoma, Arch. Surg. 16:1201-1213 
(June) 1928 
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Eastern Oregon State Tuberculosis Hospital with a diagnosis on admission of 


oylmonary tuberculosis. This diagnosis was not confirmed during the six months 
} hai ica » ” ~ 

of hospitalization. It was felt, however, that she suffered from a lung abscess on 
the right side. Phrenectomy was done, and she was treated with autogenous 


vaccine. When dismissed, she was only slightly improved, and the intermittent 
hemorrhages continued. From January to April 1938 she had three to four hemor 
rhages per month, always with preceding fever lasting from four to five days. 
\t the end of this time hemorrhage and evacuation of pus would relieve her, but 
the cycle would reappear in a week or ten days. In April 1938 she consulted 
Dr. lames Odell, of the Eastern Oregon State Tuberculosis Hospital, who con 
firmed the clinical diagnosis of pulmonary abscess and referred the patient to on 
of us (T. C.) for treatment. ’ 

Course-—Stereographic roentgenograms with and without iodized poppyseed oil 
showed the middle and lower lobes of the right lung practically destroyed and 





METRIC 2 3 4 











Fig. 1—Photograph of the primary intrabronchial tumor. The dark streaks 
represent the vascular areas. 


riddled with what were interpreted as numerous abscess cavities. Pneumothorax 
was instituted and maintained for three weeks. On May 26, with the patient 
under anesthesia induced with amylene hydrate and ether, thoracotomy was 
performed through the seventh intercostal space. At operation the collapsed 
lower and middle lobes were dissected free from adhesions attached to the parietal 
pleura, the mediastinal structures and the diaphragm. The many dense adhesions 
over the upper lobe also were severed. It was found impossible to separate the 
superior lobe from the carnified middle one because of extensive interlobar fibrosis. 
At this time a hard tumor mass was palpated in the hilar portion of the lung. Then, 
because of the patient’s poor condition, the wound was loosely closed, and she was 
returned to her room. Her postoperative condition progressed satisfactorily, and on 
june 2, seven days later, the thoracotomy wound was opened and pneumonectomy 
performed. When the hilar structures were cut across during the removal of the 
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lung a smooth, round, apparently unattached tumor fell out of the severed bronchys. 
After the operation she was given three blood transfusions and by June 28 wa able 
to be out of bed. Her further hospital course was uneventful. One year later the 
patient had put on considerable weight and was doing her own housework without 


difficulty. During this time she had been free of all previous symptoms. Oj 


interest is the fact that during the summer of 1941 she ascended Mt. Adams (in 
the state of Washington; elevation 12,307 feet [3,749.8 meters]) with one lung, 
On March 10, 1942, she was found to be of normal weight and in excellent health. 


Macroscopic Observations—A small rounded tumor and the entire lung were 
received as separate specimens. The tumor (fig. 1) measured 3 by 4 by 3.2 cm. in 


diameter. It was covered by a thin translucent grayish capsule through which the 

















Fig. 2.—Photomicrograph showing the alveolar grouping of the cells (x 164). 


underlying tissue appeared brownish yellow to red. At one point there was a 
small flat defect (1.5 by 1.0 cm.) in the capsule; this possibly represented the 
attachment point of a pedicle. On section the presenting surfaces were found to 
be uniformly firm and of rubbery consistency. The bulk of the tissue consisted 
of pale, yellowish to grayish white cellular-appearing material. There were irregu- 
lar serpiginous streaks coursing through the growth that appeared red to brown. 

All lobes of the lung were diminished in size. The upper lobe was moderately 
air containing throughout. The lower and middle lobes were firm, solid and greatly 
contracted. At the hilus extensive dilatation of the main stem bronchus was noted. 
Here, just proximal to its division into upper and lower bronchi, the lumen measured 
3 by 2.5 cm. in diameter. The wall at this point was thin and measured from 
1 to 1.5 mm. in thickness. Cartilaginous rings were not observed here, nor was 2 
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pedicle found to which the tumor might have been attached. A saggital section 
of the lower and middle lobes 1.5 cm. lateral to this region revealed the main 
bronchi surrounded by contracted hard yellowish white tissue. The lumens of 
the bronchi here varied from 7 to 5 mm. in diameter. The middle lobe was 
atelectatic, was not air containing and showed no evidence of bronchiectasis or 
fbrosis. In the lower lobe normal lung tissue was replaced by fibrous-appearing 
tissue. The lining walls of the bronchi here were slightly thickened and discolored 
grayish brown. The interlobar pleura was indurated and thickened. No gross 
evidence of tumor was found in the lung or the bronchi. There was no evidence 
of lung abscess. 

















Fig. 3—Higher power photomicrograph of the specimen shown in figure 2 
(x 660). 


Microscopic Observations.—Sections of the bronchial tumor, the bronchi and 
the upper and lower lobes of the lung revealed the following changes: In the 
blocks of bronchial tumor ciliated columnar epithelium was seen covering the surface 
of the growth. This epithelial layer was intact and well differentiated. Beneath 
the covering epithelium a thin layer of fibrous tissue existed, separating this epi- 
thelium from tumor cells beneath. The latter cells in most areas exhibited an 
alveolar pattern (fig. 2). The spaces thus formed were bordered by medium-sized 
to small, round and oval cells. Cell nuclei were invariably round to oval and of 
constantly and uniformly small size (fig. 3). They often contained small particles 

i chromatin. In no instances were mitoses noted. The cytoplasms were ill defined 























Fig. 4.—Photomicrograph showing the large thyroid-like alveoli filled with 
erythrocytes (x 164). 
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Fig. 5.—Photomicrograph showing cells in diffuse distribution. 
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nd scant. In most areas the supportive stroma was delicate and consisted only 
of one or two minute strands of fibrous tissue through which an occasional capillary 
coursed. In some zones (fig. 4) the supportive tissue assumed a clear structureless 
appearance and looked not unlike that seen in some fetal adenomas of the thyroid 
gland. In still other areas of the tumor alveolar structures were absent (fig. 5), 
and the cells were closely placed and formed solid diffuse sheets. Sections of the 
thinned bronchial wall wherein the tumor lay showed the lining epithelium destroyed 
and cartilage and mucous glands absent. Only mildly inflammatory fibrous tissue 
remained. 

In the lower lobe of the lung air cells and alveoli were replaced by dense fibrous 
tissue within which a few regenerative alveolar epithelial cells were noted. Here 
also were found dilated bronchioles lined by hyperplastic epithelium, often exhibiting 
considerable papillary infolding. The submucosa of these projections was heavily 
infiltrated with lymphocytes and increased numbers of polymorphonuclear eosino- 
phils. Within the lumens polymorphonuclear neutrophil cells were present in large 
numbers. The arteries in this consolidated lobe showed thickening of the intima 
and extreme narrowing of the lumens but no thrombosis. 

Pathologic Diagnosis—The pathologic diagnosis was benign papillary adenoma 
of the bronchus producing pressure atrophy of the bronchial wall with purulent 
bronchiectasis and carnification of the lower and middle lobes. 


COMMENT 


In contradistinction to bronchogenic carcinoma this interesting type 


of bronchial tumor occurs relatively early in life. The average age of 
patients whose cases are reviewed in the literature at the onset of 
symptoms is fairly consistent. Various investigators have recorded the 
following data: Brunn and Goldman,* 14 cases, in which the average 
age was 27 years; Jackson and Konzelmann,’ 12 cases, in which the 
average age was 31 years; Graham and Womack,* 11 cases, in which 
the average age was 32 years; Wessler and Rabin,’ 10 cases, in which 
the average age was 32 years. Of 9 cases studied at the Massachusetts 
General Hospital, Boston,® in 8 the patients were persons varying in 
age from the late teens to the late twenties. Differing sharply from 
instances of malignant bronchial neoplasms, in which roughly 8 male 
patients are affected to 1 female patient, this tumor occurs more fre- 


2. Brunn, H., and Goldman, A.: The Differentiation of Benign from Malignant 
Polypoid Bronchial Tumors, Surg., Gynec. & Obst. 71:703-722 (Dec.) 1940. 

3. Jackson, C. L., and Konzelmann, F. W.: Bronchoscopic Aspects of Bronchial 
lumors with Special Reference to Bronchial Adenomas, J. Thoracic Surg. 6:312- 
329 (Feb.) 1937. 

4. Womack, N., and Graham, E.: Mixed Tumors of the Lung, Arch. Path. 
26:165-206 (July) 1938. 

5. Wessler, H., and Rabin, C.: Benign Tumors of the Bronchus, Am. J. M. Sc. 
183:164-180 (Feb.) 1932. 

6. Adenomata of the Bronchus, Cabot Case 22231, New England J. Med. 214: 
1149-1157 (June 4) 1936. Adenoma of the Bronchus, ibid. 214:1153-1157 (June 4) 


1936. 
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quently in female patients. In 70 per cent of 60 cases reviewed in the 
literature * the patients were found to be women. 

The most consistent symptoms are those related to the local bronchial 
lesion. Of these, cough and hemoptysis are the most common early 
complaints. Later, pain in the chest, shortness of breath and fever are 
complained of in that order of frequency. These symptoms are related 
to secondary changes occurring in the bronchi, the lungs and the part 
of the pleura distal to the tumor. The most frequent secondary 
alterations are atelectasis, bronchiectasis, diffuse pneumonitis, abscess 
and empyema. 

Symptoms have often been present for several years when the patients 
are first seen. Graham and Womack‘ reported 3 cases in which 
symptoms were present for over twenty years. Wessler and Rabin‘ 
observed an instance of adenoma of the bronchus in a 64 year old man 
who had had symptoms for thirty years. As illustrated in our case, 
suddenness of onset and termination of pulmonary hemorrhage is often 
characteristic of this type of tumor. The extreme vascularity of the 
tumors no doubt accounts for the frequency and the severity of the 
bleeding. Because of this sign often associated with fever it is not 
difficult to see how our case and many others were initially and errone- 
ously thought to be instances of pulmonary tuberculosis. In Goldman’s 
series of 18 cases * 
been made in 6. 


a previous diagnosis of pulmonary tuberculosis had 


Some controversy exists regarding the origin of these tumors. Rabin 
was first quoted ® as stating that they originate from epithelial cells of 
the ducts of the bronchial mucous glands. Konzelmann* was not con- 
vinced of this theory. Later Graham and Womack * stated that they 
considered the entire group of benign bronchial tumors (adenoma, 
fibroma, chondroma, etc.) to be derived from one or two germinal layers 
(mesoderm and entoderm) and considered them as mixed tumors 
analogous to those occurring in the salivary glands. In reviewing the 
bronchial tree from the embryologic point of view, they said that incom- 

7. (a) Zamora, A. M., and Schuster, N.: Vascular Adenoma of the Bronchus, 
J. Laryng. & Otol. 52:337-343 (May) 1937. (b) Gowar, F. J. S.: Adenoma of the 
Bronchus, Proc. Roy. Soc. Med. 30:673-680 (April) 1937. (c) Laff, H. L: 
Benign Tumors of Bronchi with Special Reference to Vascular Adenoma, Arch. 
Otolaryng. 31:148-159 (Jan.) 1940. (d) Hart, V. K.: Report of Four Interesting 
3ronchoscopic Cases, Tr. Am. Laryng., Rhin. & Otol. Soc. 43:380-398, 1937 
(e) Brunn and Goldman.2 (f) Jackson and Konzelmann.? (g) Womack and 
Graham.* (h) Wessler and Rabin.5 

8. Goldman, A.: Polypoid Bronchial Tumors with Special Reference t 
Bronchial Adenomata, California & West. Med. 53:123-127 (Sept.) 1940. 

9. Kramer, R.: Adenoma of Bronchus, Ann. Otol., Rhin. & Laryng. 39:689-685 
(Sept.) 1930. 
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plete development, defect of axial formation or tissue orientation may 
give rise to deformed areas ultimately resulting in the formation of a 
tumor. The not infrequent observation *° of islets of cartilage in some 
of these neoplasms is a point in favor of the latter theory regarding the 
basic nature of the growths. 

The position and the appearance of the tumor were well described 
by Brunn and Goldman ? and by Jackson and Konzelmann.* The first- 
named authors showed that there are three fundamental positions of 
the growths: endobronchial, those wholly within the bronchus ; intra- 
mural, those protruding into the bronchus but having a larger intramural 
part ; extraendobronchial, those within the bronchus but having a larger 
adjacent extrabronchial part. During life by direct observation they are 
movable, soft, fleshy, pinkish or purplish and polypoid in shape. The 
surfaces are usually smooth and rarely ulcerated. The bronchoscopic 
appearance of the tumor in 12 cases was well shown by the drawings 
included in the article by Jackson and Konzelmann. 

The histologic picture in this case was fairly characteristic of tumors 
of this type. Reports of various investigators '' revealed the tumors 
to have a consistent structure and to be invariably composed of small 
round cells having deeply stained nuclei and scant cytoplasm. They 
are arranged in round and oval alveoli separated by scant vascular con- 
nective tissue stroma. The vascularity often forms such a prominent 
part of the histologic appearance that the neoplasms are occasionally 
confused with hemangiomas. In 4 of the 5 cases described by Zamora 
and Schuster ™ large blood-filled capillaries and sinuses constituted a 
prominent feature of the lesions. Mitotic figures are characteristically 
absent, although Gowar *® and Reisner * listed occasional ones present 
in their material. Variations in the structure and the arrangement of 
the tumor cells as found in different parts of our tumor were also 
described by Graham and Womack.* Reisner* and Fried ** called 
attention to their observations that the tumor cells are occasionally 
columnar or bear a close resemblance to mucous gland cells. 

Different views exist regarding the malignant or the nonmalignant 
nature of the neoplasms. Graham and Womack * expressed the belief 
that they are potentially malignant and stated that they have observed 
1 patient in whom the mediastinal lymph nodes were involved. Necropsy 
studies of Kramer and Som ** showed no regional or distant metastases 


10. Goldman, A.: Personal communication to the authors. 
11. Reisner.t Jackson and Konzelmann.? Womack and Graham.* Wessler and 
Rabin.’ Zamora.7@ Gowar.7> 

12. Fried, B. M.: Adenoma of Bronchial Mucous Glands, Arch. Otolaryng. 
20:375-381 (Sept.) 1934. 

13. Kramer, R., and Som, M. L.: Further Study of Adenoma of Bronchus, 
Ann. Otol., Rhin. & Laryng. 44:861-878 (Sept.) 1935. 
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in 5 cases. Jackson and Konzelmann * expressed the opinion that the 
tumors are benign but capable of malignant transformation. At the 
time their report-was published none of their 12 patients had died so the 
true extent of the individual lesions was actually unknown. In 1932 
Wessler and Rabin® presented abstracts of 12 cases. In 4 of these 
necropsy was performed. In 3 of the 4 no mention was made of the 
presence or the absence of mediastinal involvement. In the fourth case 
it was stated that no extensions or metastases were observed. In this 
same communication 2 additional cases thought to be cases of carcinoma 
arising in preexisting adenoma were described. The descriptions did 
not mention the presence or the absence of near or distant metastases, 
nor were photomicrographs of the growths presented. It is unfortunate 
that evidence supporting their contention was not presented, particularly 
so in that so little information is at hand regarding the transformation 
of adenoma to a malignant lesion. Goldman *° stated that necropsy in 
+ cases and surgical tissue examinations (lobectomy, pneumonectomy ) 
in 4 others failed to show metastases but that local infiltration was found 
in several. From what has been noted one appreciates the controversial 
status of these tumors. It appears that the clinical and pathologic 
characteristics described to date are those more commonly associated 
with benign tumors. The reports of rare cases in which adenoma 
changed to carcinoma or mediastinal lymph node metastasis was 
exhibited are incomplete and give the reader no convincing proof of 
such occurrences. It may be that future observations will demonstrate 
more thoroughly that these growths are capable during some stage of 
their evolution of acquiring malignant characteristics. 

In the experience of Brunn and Goldman? roentgen treatment did 
not improve symptoms or change the structure of the tumors. Broncho- 
scopic removal is indicated for those persons not having irreversible 
pulmonary changes. Otherwise lobectomy or pneumonectomy is the 
procedure of choice. 

SUMMARY 


An instance of adenoma of the bronchus occurring in a 22 year old 
woman is presented. 

Pneumonectomy effected complete relief of symptoms, and nearly 
four years later her general health was excellent. 


The age and the sex incidence, the symptoms and the pathologic 
aspects are discussed. 


It is emphasized that evidence is lacking regarding the capability 
of this form of tumor to become malignant. 


St. Luke’s Hospital, San Francisco. 
The Dalles Hospital, The Dalles, Ore. 
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ADMINISTRATION OF DICOUMARIN COMPOUND * 
FOR PROPHYLAXIS OF POSTOPERATIVE 
THROMBOSIS AND EMBOLISM 


A PRELIMINARY REPORT 


WINFIELD L. BUTSCH, MD. 
AND 

JOHN D. STEWART, MD. 
BUFFALO 


The practical value of the use of an agent to prolong the clotting 
time of the blood in the prophylaxis and treatment of thromboembolic 
disease has been amply demonstrated. Administration of an anticoagu- 
lant, such as heparin, has been found to be safe for operative patients 
immediately after ? or even beforé-operation.? Heparin has reduced the 
expected occurrence of thrombosis and embolism in operative patients.’ 
It has served well in the management of patients with nonfatal pulmonary 
embolism. It has materially reduced the morbidity rate associated with 
thrombophlebitis.. The principles of its use have been established. But 
two factors, the expense and the comparative difficulty of administration, 
have tempered the enthusiasm for heparin and prevented its acceptance 
as a measure available to all. For this reason the results of the use of 
another anticoagulant, dicoumarin compound, 3,3’-methylenebis-4- 
hydroxycoumarin,® have been studied in order to explore its possibilities 
for routine administration. 


Dicoumarin compound requires twenty-four to forty-eight hours to 
produce its characteristic effect of prolongation of the prothrombin and 
clotting times of the blood, depending on individual reactions to the 
drug. Therefore, if its anticoagulant action is to be fully available in the 
protection of the patient from postoperative thrombotic complications, it 


* 3,3’-methylenebis-4-hydroxycoumarin. 

The dicoumarin compound used in this study was furnished by the Abbott 
Laboratories. 

From the Department of Surgery, University of Buffalo School of Medicine, 
and the Surgical Service of the Edward J. Meyer Memorial Hospital. 


1. Murray, G.: Heparin in Thromboses and Blood Vessel Surgery, Surg., 
Gynec. & Obst. 72:340-344 (Feb.) 1941. 


2. Butsch, W. L., and Stewart, J. D.: Unpublished data. 


3. Stahman, M. A.; Huebner, C. F., and Link, K. P.: Hemorrhagic Sweet 
ver Disease: Identification and Synthesis of Hemorrhagic Agent, J. Biol. Chem. 
138:513-527 (April) 1941. 
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must be given before operation. The object of the present study jis to 
determine whether this can safely be done. 

3ecause of the possible serious consequences of operating on persons 
who have received this drug, patients on whom inguinal herniorrhaphy 
was to be performed were chosen. Since the operative procedure was 
limited to the abdominal wall, any postoperative hemorrhagic phe- 
nomena could be readily discovered and corrected. Twenty-three male 
patients were included in this series. Eighteen were operated on forty- 
eight hours after the administration of dicoumarin compound was begun 
orally ; 5 were operated on at a still later date. 


Prothrombin and Clotting Times on the Morning of Operation of Patients Given 
Dicoumarin Compound 








Prothrombin Clotting 
Time Time 
Patient (Seconds) (Minutes) 


1 
1 

g 
11 
15 
14 
18 
30 
13 
20 
10 
21 





Five grains (0.32 Gm.) of dicoumarin compound was given by mouth 
in the morning two days and one day before operation. In some instances 
3 or 5 grains (0.19 or 0.32 Gm.) was given on the morning of operation. 
The table shows the values for prothrombin and clotting times the morn- 
ing the patients were operated on. The Quick method for determining 
prothrombin time and the Lee-White method for ascertaining clotting 
time were used, normal values for the two methods being taken as 
sixteen to eighteen seconds and four to eight minutes, respectively. 

In every instance the appearance of the incised tissues was normal. 
There was no unusual amount of oozing of blood or any difficulty with 
hemostasis. Twenty-one wounds healed primarily. Nothing abnormal 
was noted in the healing process. In the wounds of patients 2 and 19 
hematomas developed which required aspiration. One aspiration of the 
hematoma was sufficient as the wounds subsequently healed completely. 
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his small series demonstrates that herniorrhaphy can be performed 
with reasonable safety on patients who have the impairment in clotting 
which dicoumarin compound produces. Apparently enough thrombo- 
plastin is liberated in the incised wound to promote reasonably satisfac- 
tory hemostasis after the wound is sutured. Experience has shown that 
dicoumarin compound should not be given to patients with ulcerating 
or granulating areas because of the danger of hemorrhage from these 
areas. Further studies are being made on the feasibility of performing 
other operations on patients who have received dicoumarin compound 
prior to operation. It is hoped that the tendency to increased coagulability 
of the blood associated with surgical procedures may be combated with 
safety even during the operation. 


333 Linwood Avenue. 


462 Grider Street. 





ASSOCIATION OF PERNICIOUS ANEMIA 
CARCINOMA OF THE STOMACH 


PAUL C. DOEHRING, M.D. 
Fellow in Surgery, the Mayo Foundation 
AND 
GEORGE B. EUSTERMAN, M.D. 


ROCHESTER, MINN. 


Before the introduction of liver therapy in 1926, the average duration 
ot life after the onset of pernicious anemia was five years, and the 
majority of persons afflicted with the disease were dead after three 
years." This short interval did not permit the development of many 
complications. At postmortem examination of subjects who had died 
of pernicious anemia, however, carcinoma of the stomach was frequentl) 
encountered. 

In 1876 Quincke made the first mention of the association of perni- 
cious anemia and carcinoma of the stomach in the same case.’ Israel 
in 1890 and Roux in 1893 each reported a similar case.*” Before the 
turn of the century 3 more cases were reported by Lubarsch, and another 
was reported by Engle. The case reported by Waterfield * and Shackle 
in 1923 is perhaps the earliest example in the medical literature in which 
the association of the two conditions was confirmed at laparotomy ; the 
lesion proved inoperable. The 11 cases reported by Conner and Birke- 
land in 1933 perhaps formed the first large series in which diagnosis 
of the two conditions had been made before death. In only 2 of these 
11 cases did pernicious anemia precede carcinoma, and the authors 
expressed the opinion that in the majority of cases conclusions cannot 
be offered as to which condition is primary. In the same year Wilkinson 


From the Division of Medicine, the Mayo Clinic. 

1. (a2) McCann, W. S.: Pernicious Anemia, in Cecil, R. L.: Textbook of 
Medicine, Philadelphia, W. B. Saunders Company, 1934, pp. 1016-1023. (b) Wil- 
kinson, J. F.: Pernicious Anaemia and Malignant Disease, Acta med. Scandinav. 
80 : 466-479, 1933. 


2. Conner, H. M., and Birkeland, I. W.: Coexistence of Pernicious Anemia 
and Lesions of the Gastrointestinal Tract: I. Carcinoma of the Stomach; Con- 
sideration of Twenty Cases; Eleven Reported, Ann. Int. Med. 7:89-104 (July) 1933 

3. Waterfield, R. L.: Addison’s Anaemia with Subacute Combined Degeneration 
of Spinal Cord Secondary to Cancer of the Stomach, Guy’s Hosp. Rep. 73:208-210 
(April) 1923. 
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collected 25 cases (including 1 of his own) of coexistence of the two 


diseases. Since that time the medical literature has abounded in reports 
of cases. Eight cases were reported in 1935; 15, in 1936; 23, in 1937, 
and 16, in 1938. In 1936 Murphy and Howard,” in reviewing 440 cases 
of pernicious anemia, noted that carcinoma of the stomach was present in 
4 cases (0.9 per cent). Apparently the assumption put forth by many 
of the early writers was right, namely, that with the prolongation of life 
expectancy resulting from the advent of liver therapy, an increased 


incidence of carcinoma of the stomach would be observed among patients 
with pernicious anemia. 


Taste 1—Reports of the Incidence of Carcinoma of the Stomach Associated 
with Pernicious Anemia * 








Pernicious Anemia and 
Carcinoma (Cases) 
A a 
Pernicious Actual Total 
Anemia New Listed for 
Dates (Cases) Cases Dates Percentage Reports of Cases: Authors 








1917-1922 628 t lf 0.16 Conner and Birkeland * 

1925-1927 pee oe ane Conner and Birkeland * 

1928-1930 658 0.6 Conner and Birkeland * 

1931-1982 pe 3 a aie Conner and Birkeland * 

1932 _— an Tes Present series 

1931-1933 ase 3 ab wate Priestley, J. T., and Heck, F. J.: Ann 
Surg. 101 : 839-843, 1935 

1931-1934 906 11 16 Washburn and Rozendaal ** 

1935-1939 1,014 4 17§ A Present series 





* Forty cases, 1917-1939, inclusive. 

+ Mentioned by Giffin and Bowler in 1923 but not reported in detail until Conner and 
Birkeland’s series. 

t Apparently not included in any previous series; hence reported in this paper as 1 of the 
15 previously unreported cases but not included in the statistics since it does not fall within 
the 1935 to 1939 period. 

§ Three of these cases were reported by Washburn and Rozendaal in 1938, but because they 
are part of the 1,014 cases of pernicious anemia observed during 1935 to 1939, they are included 
n the statistics of that period. 


MATERIAL STUDIED 


From 1917 to 1939, inclusive, 40 patients with both pernicious anemia and 
carcinoma of the stomach were examined at the Mayo Clinic; the cases of 25 of 
these have been reported previously. The incidence of carcinoma of the stomach 
among the patients of this group is given in table 1. In 26 of the 40 cases, the 
diagnosis of pernicious anemia preceded the diagnosis of gastric carcinoma ; in only 

4. Omitted were the following cases: 1 of Quincke (1876) ; 1 of Roux (1893) ; 
1 of Davidsohn (1905): 1 of Giffin, H. Z., and Bowler, J. P.: Minnesota Med. 

:13-16, 1923, included in Conner and Birkeland’s series; 1 of Neuberger (1929) : 
of Duetsch-Eszenji (1928); 3 mentioned in Davidson and Gulland’s book 

130); 1 of Henning (1930); 1 Saltzman (1931) (originally reported by 

einberg [1917] ?); 1 of Simpson (1931). 

5. Murphy, W. P., and Howard, I.: An Analysis of the Complications 

‘curring in a Series of Patients with Pernicious Anemia, Rev. Gastroenterol. 

8-110 (June) 1936. 
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2 cases did the diagnosis of carcinoma precede the diagnosis of pernicious 
and in 12 cases the onset of the two diseases appeared to be simultaneous. 
Although the number of patients with pernicious anemia seen at th: 
each year has increased only gradually, the number of cases in which pernicioys 
anemia is associated with carcinoma of the stomach has increased markedly. For 
many years at the clinic, annual routine roentgen gastric studies have been 
for all patients with pernicious anemia on the assumption that an in 
number of carcinomas of the stomach would be disclosed. That this measure has 
been justified is evidenced by the fact that in 9 such cases in 1939 carcinoma of 
the stomach was diagnosed. 


emia, 


clinic 


idvised 


reasing 


During the five year period from 1935 to 1939, inclusive, approximately 1,014 
patients with pernicious anemia were treated at the clinic. Of this number, 17 
(1.7 per cent) had carcinoma of the stomach also. A study of these 17 cases 
forms the basis for this report. A summary of the findings in these 
presented in table 2. 


Cases 15s 


INCIDENCE 
Apparently the incidence of carcinoma of the stomach among persons 
afflicted with pernicious anemia is increasing, but whether the increase 


has any relation to the pathologic processes concerned in pernicious 


anemia or is due merely to the fact that today more patients with perni- 
cious anemia are living longer into the cancer age as the result of liver 
therapy than patients of this type did formerly is impossible to say at 
present. Some authors have stated that the patient with pernicious 
anemia is slightly, although definitely, more likely to have carcinoma of 
the stomach than the normal person.® Proof of this belief, however, is 
difficult to establish. It is doubtful that the incidence of carcinoma of the 
stomach among those patients with pernicious anemia herein considered 
is representative of the incidence of carcinoma of the stomach. It is 
almost impossible to say whether the incidence of gastric carcinoma in 
association with pernicious anemia is greater or less than the incidence 
of carcinoma of the stomach alone in the same age group in the general 
population since the latter incidence cannot be determined. Pernicious 
anemia rarely develops before the age of 30.’ 

In 1938, in the United States, 23,666 white persons more than 
40 years of age died of carcinoma of the stomach and the duodenum. 
This number represents a rate of death due to carcinoma of the stomach 
and the duodenum among white persons more than 40 years of age of 

6. Silverman, S.: Pernicious Anemia Followed by Carcinoma of the Stomach, 
Lancet 2:71-74 (July 11) 1936. 

7. Castle, W. B., and Minot, G. R.: Pathological Physiology and Clinical 
Description of the Anemias, in Christian, H. A., and Mackenzie, J.: Oxford 
Medicine, New York, Oxford University Press, 1920, vol. 2, pt. 3, chap. 16, pp. 
589-680. 
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0.57 per thousand.® It constitutes, moreover, 2.55 per cent of all deaths 


ant 


tion of this age group. 


1 18.03 per cent of all deaths from carcinoma among the white popula- 
If it is arbitrarily assumed that in the average 


TaBLe 2.—Summary of Data in Seventeen Cases of Pernicious Anemia Associated 
with Carcinoma of the Stomach * 








Pernicious 
Anemia 


~ —, Between 


Age of Gastric 


Onset Roentgeno- 


+ 


(Yr.)+ gram } 


Normal 


Normal 


Normal 


Normal 


Normal 


Interval -— 


Dis- 


eases 
(Yr.) 


0 


0 


Age 
of 
Onset 
(Yr.)+ Situation 


59 


Carcinoma of the Stomach 


Middle 
third 


Lower 
third 


Lower 
third 
Upper 
half 
Upper 
two thirds 


Middle 
third 


Lower 


Treatment 


Partial gas- 
trectomy 
None 


ocal resection 


None 


Exploratory 
laparotomy 
Partial gas- 
trectomy 
Partial gas- 


Grade 


Q 
0 


Result 
Died; aged 62 yr. 
Patient refused 
operation 
Died; aged 57 yr. 
Carcinoma 
inoperable 
Died; aged 70 yr. 


Died; aged 64 yr. 


Well; aged 68 yr. 


third trectomy 
Normal § 3 Middle Exploratory 
third laparotomy 
Normal § Lower None Carcinoma dis 
third covered at 
necropsy 


(April 1940) 
Died; aged 63 yr. 


Normal p y Lower Exploratory 
third laparotomy 
Lower Exploratory 
third laparotomy 
Lower Partial gas- 
third trectomy 


Died; aged 59 yr. 


Well: aged 58 yr. 
(October 1940) 


Well: aged 68 yr. 
(October 1940) 


Died; aged 78 yr. 


Lower Partial gas- 
third trectomy 
Middle Local resection 
third 
Entire Exploratory 
laparotomy 
Upper None *- Carcinoma inop 
third erable: patient 
died; aged 74 yr 
Carcinoma 
inoperable 


M 2 5 f Entire None 





1935-1939, inelusive. 

As nearly as could be judged from signs and symptoms. 
t At or near the time the diagnosis of pernicious anemia was made. 
§ Reported by Washburn and Rozendaal in 1938. 


8. Deaths from Each Cause: Tabulation by Age, Race and Sex; United States, 
1938, in Vital Statistics—Special Reports, United States Department of the Interior, 
sureau of the Census, June 20, 1940, vol. 9, no. 51, pp. 621-667. 

Estimated population = 130,000,000 
White persons more than 40 years of age (Metropolitan Life Insurance 

Co.) = 41,665,000 
White persons more than 40 years of age who died of carcinoma of the stomach 

and the duodenum — 23,666 

23,666 


iaazaay = 9-057 per cent 
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case gastric carcinoma exists for five years before it causes deatl), the 
incidence of carcinoma of the stomach in the particular group in question 
becomes 2.85 per thousand. Even if ten years is taken to be the averag 
duration of the disease (and certainly the duration of gastric symptoms 
is not an indication of the duration of the pathologic process), the inci- 
dence is less than 6 per thousand. Among the patients with pernicious 
anemia visiting the clinic the incidence of 17 per thousand would Ix 
higher than one might expect if the patients with pernicious anemia 
in this group were comparable with the general white population mor 
than 40 years of age. 

In the five years from 1935 to 1939, inclusive, gastric resection fo 
malignant disease was performed at the clinic in 575 cases. In 17 of the 
cases the lesion was sarcoma; in 14 cases resection was total. Thesé 
575 resections represent approximately half of the operations performed 
in that period for malignant disease of the stomach. Although different 
writers have reported the development of pernicious anemia following 
gastric carcinoma and also following resection of the stomach for car 
cinoma, in not 1 case in this series did pernicious anemia develop after 
gastric resection. Of the 17 cases included in table 2, pernicious anemia 
was present before operation in 4 (cases 6, 7, 12 and 13) in which partial 
gastrectomy was performed. Ivy, Morgan and Farrell ® performed total 
gastrectomy on 14 dogs, none of which subsequently had pernicious 
anemia. These data, of course, raise the question of whether there is 
not some other part of the body besides the “pyloric organ” which 
supplies the “intrinsic factor.” *° Hurst reported 4 cases in which perni- 
cious anemia developed after total gastric resection." In 1933, Wilkinson 
was able to collect from the literature reports of 12 cases in which 
pernicious anemia developed after gastric resection for malignant disease 


AGE OF ONSET 

Because carcinoma of of the stomach may occur and even be far 
advanced without producing any symptoms other than those of mild, 
vague indigestion, it is difficult to state in all cases just when the onset 
of symptoms referable to carcinoma occurred. It was felt, however, that 
in all but 2 of the 17 cases presented in table 2, pernicious anemia 


9. Ivy, A. C.; Morgan, J. E., and Farrell, J. I.: The Effects of Total Gas- 
trectomy: Experimental Achylia Gastrica in Dogs with the Occurrence of 4 
Spontaneous Anaemia and Anaemia of Pregnancy, Surg., Gynec. & Obst. 53:611- 
620 (Nov.) 1931. 


10. Meulengracht, E.: Histologic Investigations into the Pyloric Gland Organ 
in Pernicious Anemia, Am. J. M. Sc. 197:201-214 (Feb.) 1939. 

11. Hurst, A. F.: Achlorhydria and Achylia Gastrica, and Their Connection 
with Addison’s Anaemia-Subacute Combined Degeneration Syndrome and Simpl 
(Non-Addisonian) Achlorhydric Anaemia, Quart. J. Med. 1:157-177 (Jan.) 1932 
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lefinitely preceded the onset of carcinoma by two to fifteen years. 
each of these 2 cases both diseases were present when the patient first 
presented himself for examination, and it was impossible to say definitely 
which, if either, disease was primary. Although many authors have 
reported the development of pernicious anemia both before and after the 
diagnosis of gastric carcinoma, by far the majority of those reporting 
the coexistence of the two conditions have stated that pernicious anemia 
was the primary disease.’ In this study the average age at onset of 
symptoms of pernicious anemia was 54.5 years, whereas that for the 
onset of symptoms thought due to carcinoma was 63.2 years. The aver- 
age interval between the two diseases was eight and seven-tenths years, 
an interval much greater than the average survival period of patients 
with pernicious anemia in the days before liver therapy. The increased 
period of survival probably accounts in part for the present increasing 
frequency of gastric carcinoma in association with pernicious anemia. 


ACHLORHYDRIA 

Achlorhydria is an invariable finding in cases of pernicious anemia 
and is present in the majority of cases of gastric carcinoma.** All of the 
17 patients in this study had achlorhydria. In 10 of the cases it was 
demonstrated three to twenty-four years before the discovery of car- 
cinoma. In case 8 (table 2), achlorhydria was detected fifteen years 
before the onset of pernicious anemia and twenty-four years before the 
discovery of carcinoma of the stomach, when the patient had attained 
the age of 63 years. Numerous authors have described cases in which 
achlorhydria preceded the onset of pernicious anemia.’* Nearly all 
authorities are agreed that although atrophy of the gastric mucosa is 
supposed to improve under treatment, the achylia of pernicious anemia 
persists even after years of intensive therapy and after evidence of 
ipparent control of the condition has been manifested.** Such improve- 
ment in the gastric mucosa was recently disputed; Hurst and others 
reported a case in which free hydrochloric acid did return. Such 
instances are definitely rare, however, and under the circumstances *** 
me would dispute the diagnosis of pernicious anemia. 


12. Washburn, R. W., and Rozendaal, H. M.: Gastric Lesions Associated with 
rnicious Anemia, Ann. Int. Med. 11:2172-2180 (June) 1938. 
13. (a) Rozendaal, H. M., and Washburn, R. N.: Gastric Secretion in Cases 
Pernicious Anemia, Ann. Int. Med. 11:1834-1837 (April) 1938. (b) Conner 
nd Birkeland.2. (c) Murphy and Howard.5 (d) Minot.? 
14. (a) Johansen, A. H.: Achylia in Pernicious Anemia After Liver Treat- 
Examinations After Histamine Injections, J. A. M. A. 92:1728-1730 (May 
1929. (b) Rozendaal and Washburn. 188 (c) Ivy, Morgan and Farrell.® 
5. (a) Carey, J. B.: Gastroscopic Observations in a Pernicious Anemia, Minne- 
1 Med. 23:311-313 (May) 1940. (b) Miller, T. G.: The Relation of Gastritis 
Anemias, Internat. Clin. 1:173-178, 1940. Johansen.148 


7 





ARCHIVES OF SURGERY 


TREATMENT 


Of the 17 cases of associated pernicious anemia and carcinoma of the 
stomach which form the basis of this report, operation on the stomach 
was performed in 12. In 5 of these cases the growth was found to be 
inoperable. In 3 of the 5 cases in which operation was not performed, 
the carcinoma was judged inoperable on the basis of roentgen examina- 
tion ; in 1 case the patient refused operation, and in 1 case the carcinoma 
was discovered at necropsy, although results of a roentgen examination 
of the stomach made a short time before death had revealed no lesion, 
Of the 7 cases in which surgical treatment was carried out, local 
excision of polypoid growths was done in 2, and partial gastrectomy was 
done in the other 5 (table 2). 


PATHOLOGIC NATURE 

In most cases gastric carcinoma occurs in the pyloric region.’® Hurst 
expressed the belief that gastric carcinoma of this type is the indirect 
result of friction at the pyloric portion.’® In our study the carcinoma 
was located in the lower third of the stomach in 8 cases (47 per cent): 
it was situated in the middle third in 4 (23.5 per cent); in the upper 
portion in 3 (17.6 per cent), and in 2 cases (11.7 per cent) the whole 
stomach was involved. 

Microscopic studies were made of the material obtained in the 7 cases 
in which surgical treatment was given; biopsy was done in 2 of th 
cases in which the lesion was inoperable and in the case in which car- 
cinoma was discovered at necropsy. All the lesions proved to be adeno- 
carcinoma. In these 10 cases the degree of malignancy according to 
Broders’ classification on the basis of 1 to 4 (in which 1 indicates the 
mildest, and 4, the most severe condition) was as follows: in 1 case, 
grade 1; in 4 cases, grade 2; in 3 cases, grade 3, and in 2 cases, grade 4 


POLYPS 

Among the 1,014 patients with pernicious anemia observed from 
1935 to 1939, inclusive, there were 4 patients with gastric polyps (con- 
sidered benign )—an incidence of 0.39 per cent. In 2 of the 4 cases, the 
diagnosis was made by roentgen examination only; in 1 case the polyp 
was removed by local excision, and in 1 case multiple polyposis of the 
stomach necessitated resection of half of the stomach. At necropsy on 
subjects who died from pernicious anemia Brown" observed benign 


16. Hurst, A. F.: Precursors of Carcinoma of the Stomach, Lancet 2:1023- 
1028 (Nov. 16) 1929. 

17. Brown, M. R.: The Pathology of the Gastro-Intestinal Tract in Pernicious 
Anemia and Subacute Combined Degeneration of the Spinal Cord (A Study of 


One Hundred and Fifty-One Autopsies), New England J. Med. 210:473-477 
(March 1) 1934. 





oma of the 
ie stomach 
und to be 
yer formed. 
| €Xamina- 
carcinoma 
‘amination 
no lesion. 
out, local 


tomy was 


“° Hurst 


eé indirect 
carcinoma 
er cent) ; 
the upper 
the whole 


he 7 Cases 
2 of the 
vhich car- 
be adeno- 
ording to 
icates the 
n 1 case, 
. grade 4 


ved from 
yps (con- 
cases, the 
the polyp 
sis of the 
‘ropsy on 


d benign 


et 2:1023- 


Pernicious 
Study of 
10: 473-477 


DOEHRING-EUSTERMAN—ANEMIA AND CARCINOMA 561 


sastric tumors in 8 per cent of the cases and in a large series of general 
a* » . . . 

sostinortem examinations reported an incidence of 0.003 per cent. 

pos 


COMMENT 


The exact relation, if any, of pernicious anemia and gastric carcinoma 
is unknown ; indeed, the causation of either condition is not fully under- 
stood. There are workers who hold that there is no relation between 
the two diseases and that the co-existence of the two conditions is purely 
coincidental.'* In 1931 Strandell*® wrote: 

Present material lends no support to the view that some causal connection 
would exist between pernicious anemia and carcinoma of the stomach. Yet they 


hit the same individual often. The future alone will show whether Saltzman’s theory 
of a common basis for the two conditions is correct. 


The burden of proof seems to lie on those who would disprove this 
theory. The purpose of our study was to test this hypothesis. 

Indicating a possible relation between pernicious anemia and car- 
cinoma of the stomach is the fact that both diseases occur most frequently 
among persons more than 40 years of age, although the average age of 
patients with pernicious anemia is slightly less than that of patients with 
gastric carcinoma.’ 

Achlorhydria also is common to both conditions, but’ it should be 
regarded as a symptom rather than as a clinical entity. Its occurrence, 
as compared with that of either pernicious anemia or carcinoma of the 


stomach, is far too common to be regarded as the direct cause of either 


ib 0 


condition.'” Faber *° reported that about 40 per cent of persons more 
than 60 years of age have anacidity. Obviously neither gastric car- 
cinoma nor pernicious anemia develops this frequently. During the 
period from 1921 to 1929, inclusive, although approximately 15 per cent 
of the population had achlorhydria, only 43 persons in 100,000 had perni- 
cious anemia.?° Thus the chance that persons with achlorhydria would 
have pernicious anemia also was about 3 in 1,000. The incidence of 
pernicious anemia is probably no greater now. Administration of dilute 
hydrochloric acid by mouth has no effect of itself on pernicious anemia, 
and carcinoma frequently develops in a stomach the acid secretion of 
which is perfectly normal or even increased. Although achlorhydria is 


18. Held, I. W., and Goldbloom, A. A.: Carcinoma of the Stomach in a Cured 
Case of Addison-Biermer’s (Pernicious) Anemia, J. A. M. A. 108:1398-1400 
(April 24) 1937. Goldhamer, S. M.; Bethell, F. H.; Isaacs, R., and Sturgis, C. C.: 


slood: A Review of the Recent Literature, Arch. Int. Med. 59:1051-1111 (June) 
1937 


19. Strandell, B.: Pernicious Anemia: A Study of One Hundred and Seventeen 
Cases, Acta med. Scandinav., 1931, supp. 40, pp. 1-124. 

20. Faber, K.: Gastritis and Its Consequences, New York, Oxford University 
Press, 1935, 





ARCHIVES' OF SURGERY 


usually thought indicative of previous gastritis, in not every instance 
is achlorhydria the result of gastritis.*° Hurst wrote of an inborn error 
of secretion not accompanied by structural changes.** Three other 
accepted causes of achlorhydria are: functional (psychic) disturbances: 
the presence of toxins which produce achlorhydria without sastric 
changes, such as the achlorhydria associated with exophthalmic goiter. 
and deficiency disease, such as beriberi and pellagra.*° Such anacidity 
is often transient. Bloomfield and Polland ** mentioned an “unex; lained 
anacidity.” Disposition to anacidity was thought by Faber to be due to 
an inferior power of resistance to injurious influences. 

Chronic gastritis, especially the atrophic form, or gastric atrophy, is 
frequently associated with both pernicious anemia and gastric carcinoma, 
although its presence is not essential to the development of either. 
Neither the cause nor the consequences of chronic gastritis are fully 
understood. Many writers have expressed the belief that carcinoma of 
the stomach developing in association with pernicious anemia is fre- 
quently secondary to the gastric changes, causal or resultant, which 
accompany pernicious anemia. Although the atrophic form of chronic 
gastritis, or gastric atrophy, is a frequent finding in the presence of 
pernicious anemia, not all investigators will agree that it is an invariable 
finding.** Magnus and Ungley ** described a “characteristic lesion 
localized to the region of the ‘body mucosa’ and not affecting the pyloro- 
duodenal region” and expressed the opinion that histologically the lesion 
was “not the end result of inflammation.” Meulengracht reported 
identical findings, and although he expressed the belief that the intrinsic 
factor is secreted by the pyloric glands and the histologically identical 
srunner’s glands of the duodenum, he suggested the possibility of a 
pacemaker hormone secreted by the fundus which acts on the pyloric 
organ. Absence or improper action of this fundic hormone would then 
result in lessened or absent secretion of the intrinsic factor and resultant 
pernicious anemia. Many investigators have demonstrated the frequency 
with which chronic gastritis accompanies gastric carcinoma; some have 
said that it is a constant finding.*® Gastritis of this type, most writers 
have stated, is the precursor of carcinoma and prepares the soil for the 
development of the lesion.2® Achlorhydria in these cases has been judged 
21. Faber.2° Hurst.1! 

22. Bloomfield, A. L., and Polland, W. S.: The Fate of People with Unex- 
plained Gastric Anacidity: Follow Up Studies, J. Clin. Investigation 14:321-324 
(May) 1935. 

23. McCann.1® Brown.1!7 

24. Magnus, H. A., and Ungley, C. C.: The Gastric Lesion in Pernicious 
Anemia, Lancet 1:420-421 (Feb. 19) 1938. 

25. Konjetzny, G. E., cited by Hurst.11 Brown.17 Magnus and Ungley.*4 

26. (a) Judd, E. S., Jr.: Possible Relationship of Residual Lesions of Ulcerative 
Gastritis to the Development of Carcinoma of the Stomach, Proc. Staff Meet., Mayo 
Clin. 14:52-56 (Jan. 25) 1939. (b) Miller.15> (c) Brown.17 (d) Faber.?° 
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hy many observers to be the result of chronic gastritis or degenerative 
hic changes which are present before malignant degeneration takes 
place in the gastric mucosa.** It is an old dictum that carcinoma never 
develops in a healthy stomach.* There is evidence that the entire 
mucosa is host to the malignant disease and that the change is a gradual 
diffuse transformation.2** However, most authors have agreed that 
chronic gastritis alone is not the only factor, other important factors 
being predisposition and proper age. Otherwise, physicians would see 
many more patients with gastric carcinoma than at present, especially 
with gastric carcinoma in association with pernicious anemia or with 
chronic atrophic changes in the gastric mucous membrane from whatever 
cause.” 
SUMMARY 

Reference is made to 15 cases of associated pernicious anemia and 
carcinoma of the stomach in addition to 25 similar cases previously 
reported from the Mayo Clinic. 

During the five year period from 1935 to 1939, inclusive, approxi- 
mately 1,014 patients with pernicious anemia were seen at the clinic. 
Seventeen of these patients had carcinoma of the stomach also—an 
incidence of approximately 1.7 per cent. The findings in these cases 
are summarized in table 2. This incidence seems slightly greater than 
the calculated incidence of gastric carcinoma among the adult general 
population. Carcinoma in these cases was similar in situation and grade 
of malignancy to carcinoma of the stomach in cases in which it is not 
complicated by pernicious anemia. The average age at which the onset 
of symptoms referable to pernicious anemia occurred was 54.5 years 
while that at which the symptoms of carcinoma of the stomach appeared 
was 63.2 years. The relation of the two diseases is discussed briefly, and 
although present evidence is insufficient to prove a direct relation between 
the two diseases, there are grounds for suspecting that persons with 
pernicious anemia are slightly more likely than normal persons to have 
gastric carcinoma. 

The Mayo Clinic. 


27. (a) Hurst, A. F.: Cancer of the Alimentary Tract: Its Pathogenesis and 
Its Prophylaxis, Lancet 1:553-558 (March 11) 1939. (b) Hurst.16 (c) Faber.?° 
28. Faber.2° Judd.26@ Hurst.278 





PERITONEAL FLUID AND GASTRIC CONTENTS 
CASES OF PERFORATED PEPTIC ULCER 


CHARLES M. HENRY, M.D. 


DETROIT 


Few real surgical emergencies remain, but perforation of a peptic 
ulcer must be classed as one of the conditions demanding immediate 
surgical therapy. Much has been written on this subject, but there 
would seem to be a place for a more fundamental approach toward the 
bacteriologic and chemical problems involved. Perusal of the literature 
reveals a predominance of papers dealing with statistics or with points 
of technic rather than planned studies. It is the purpose of this paper 
to present data obtained from observations on a number of patients with 
benign ulcers of the stomach or the duodenum with free perforation into 
the general peritoneal cavity. I exclude from this group all malignant 
ulcers with perforation or posterior benign ulcers which have perforated 
into the lesser peritoneal cavity. 

There is fairly general agreement * that intra-abdominal infection is 
a major cause of death in cases of gastric and duodenal perforations, 
whether operation was done or not. This is borne out by a series of 
179 persons who have had simple repair of perforated ulcers at the City 
of Detroit Receiving Hospital within the three year period between June 
1938 and January 1942. Of these, 24 (13.4 per cent) died; 16 were 
examined at autopsy. In 13 of the 16 either generalized peritonitis 
or intra-abdominal abscesses were revealed as the major cause of death. 
In none of these was there evidence of postoperative leak at the ulcer 
site. All of these patients had either simple application of a tab of 
omentum over the perforation * or infolding of the involved portion by 
sutures plus application of a tab of omentum. The small transverse 
incision described by Amendola * and Hartzell and Sorock * was used 
routinely. No intraperitoneal drains were used. 


This study was aided by a grant from the Theodore A. McGraw Fund. 

From the Department of Surgery, Wayne University College of Medicine, 
and the City of Detroit Receiving Hospital. 

1. DeBakey, M.: Acute Perforated Gastroduodenal Ulceration, Surgery 8:852, 
1940. 


2. Graham, R. R.: The Treatment of Perforated Duodenal Ulcers, Surg., 
Gynec. & Obst. 64:235, 1937. 


3. Amendola, F. H.: Simplified Approach for Suture of Acute Perforation of 
Peptic Ulcer, Surg., Gynec. & Obst. 64:76, 1937. 
4. Hartzell, J. B., and Sorock, M. L.: Surg., Gynec. & Obst. 69;669, 1939. 
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It has been customarily assumed that chemical peritonitis occurs 
during the early hours following perforation with bacterial invasion later. 
Thus Hurst and Stewart,’ in their monograph on peptic ulcer, stated: 


Peritonitis is non-infective and is caused by the irritant action of acid 
-hyme. At the end of 12 hours the peritoneal cavity is invaded by bacteria which 
onvert the simple irritative peritonitis into a virulent septic form. 


Davison, Aries and Pilot * have offered the suggestion that 


the presence of an early “chemical peritonitis” causes a cessation of 
peristalsis with a concomitant cessation of secretion of hydrochloric acid, thus 
allowing for a proximal migration of bacteria from the lower bowel. 


| believe that such concepts do not represent the true state of affairs. 


METHOD 


All cases reported here were personally studied. In those cases in which operation 
was performed by other members of the staff, I collected the specimens at the time 
ff operation and followed the patient thereafter. 

The fluid was collected in a Luer syringe through a fenestrated rubber tube. 

his permitted collection without interference from omentum and with little contact 

with air. Determinations of hydrogen ion concentration were done by means of 
the glass electrode (Beckman fa meter) at room temperature, and the chloride 
determinations were carried out by the method of Wilson and Ball. Bacteriologic 
cultures were made from swabs taken directly from the peritoneal cavity and 
from a portion of the sample removed by syringe. Meat broth and heart infusion 
agar were the mediums used. Samples for hydrogen ion concentration of the 
gastric contents were obtained postoperatively by aspirating fluid through Levine 
tubes which were used for decompression. 


BACTERIOLOGIC STUDIES 

There are relatively few reports on bacteriologic studies of the 
peritoneal exudate. Brenner,’ Alexander * and Ulrich ® were unable to 
obtain bacterial growth from peritoneal fluid cultured as late as twelve 
to eighteen hours after perforation of peptic ulcers. Britt’? and 


5. Hurst, A. F., and Stewart, M. J.: Gastric and Duodenal Ulcer, New York, 
Oxford University Press, 1939. 

6. Davison, M.; Aries, L. D., and Pilot, I.: A Bacteriologic Study of the 
Peritoneal Fluid in Perforated Peptic Ulcer, Surg., Gynec. & Obst. 68:1017, 1939. 

7. Brenner, E. C.: Perforated Ulcers of the Duodenum: Study of Forty-One 
Cases, Ann. Surg. 102:185, 1935. 

8. Alexander, E. G.: Acute Perforation of Gastric and Duodenal Ulcers with 
a Report of Thirty-Six Cases, Ann. Surg. 66:72, 1917. 

9. Ulrich, P.: De la gastro-pylorectomie et de la duodéno-pylorectomie 
immédiates dans la traitement des ulcéres perforés de l’estomac et du duodénum, 
Rev. de chir., Paris 41:467, 1931. 

10. Britt, H.: Bacteriologische Gesichtspunkte zur Frage der Resektion des 
perforierten Magen-Duodenalgeschwiirs, Beitr. z. klin. Chir. 138:601, 1926. 
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Judine ** found a high incidence of positive cultures in fluid from 
perforations less than twelve hours old. My observations (table 1) 
indicate that there is almost as high a percentage of positive bacteriologic 
cultures in perforations under six hours old as there is in those of longer 
duration. 

It occurred to me that some of the negative cultures might be due to 
dilution of organisms. To aid in eliminating this factor both a swab and 
a larger specimen, usually 3 cc., were taken in each of a series of 48 
cases and incubated in broth. The results are tabulated in table 2. 


TasLe 1.—Bacterial Growth in Peritoneal Fluid from Perforations Under 


and Over Six Hours Old 








No Percentage of 
Growth Growth Growth 
Swab cultures from perforations under 6 hr. old 23 


62 
Swab cultures from perforations over 6 hr. old 14 


66 





Taste 2.—Bacterial Growth from Both Swab and Larger Specimens 
of Peritoneal Fiuid 








Total No Percentage of 
Cases Growth Growth Growth 


31 17 
39 9 


* Same cases. 


Tas_e 3.—Incidence of Organisms in Sixiy-Five Cultures of Peritoneal Fiuid 








Nonhemolytie streptococci (including Str. viridans).................. 
Hemolytic streptococci 

Staphylococci 

Bacillus coli 

ins snccedettandesdchsdbsbaacesdsneinsbabsed resuciaeascbaned 





A fairly definite increase in the incidence of positive cultures may lx 


noted with the larger specimens as compared with the swab specimens 


The organisms recovered in 65 cases in which there were positive 


cultures are listed in table 3. The high incidence of the nonhemolytic 
streptococci is probably related to the predominance of this organism in 
the oral cavity. 

Quantitative estimation of bacterial growth from the peritoneal fluid 
was made by mixing 3 cc. of fluid with melted agar medium in Petri 


11. Judine, S.: Nouvelle série d’ulcéres perforés de l’estomac et du duodénum, 
J. de chir. 38:159, 1931. 
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dishes. The colonies were counted after proper incubation. This rough 
quantitating was done in an attempt to correlate volume of intraperitoneal 
fuid and concentration of organisms with the morbidity and mortality 
rates. The results obtained in 25 such cases are tabulated in table 4. 
No definite conclusions can be drawn from this short series. 


TABLE 4.—Quantitative Estimation of Bacteria in Peritoneal Fluid 








Duration of Volume of 
Perforation, Peritoneal Colonies 
Patient Hr. Type of Organism Fluid, Ce. per Ce. Postoperative Course 
G. 8. 4 Str. viridans 250 
McG. ll Str. viridans 700 


Wound infection 
Died of multiple abdom- 
inal abscesses 
Anhemolytic streptococcus 100 Uneventful 
Staph. albus 50 Died of pneumonia 
No growth 150 No growth Uneventful 
No growth 150 No growth Uneventful 
No growth 20 No growth Uneventful 
Str. viridans 1,000 15 Uneventful 
Anhemolytie streptococcus; 60 5 Died of empyema and 
Str. viridans abdominal abscess 
Anhemolytic streptococcus; Innumerable Uneventful 
B. coli 
Anhemolytic streptococcus Died of hemolytic strep- 
tococcie septicemia 
Str. viridans Uneventful 
Str. viridans; anhemo- 25 Pelvic abscess 
lytic streptococcus 
Anhemolytic streptococcus : Uneventful 
Yeasts Uneventful 
Anhemolytic streptococcus; Uneventful 
Staph. albus 
Anhemolytic streptococcus; Uneventful 
B. lactis aerogenes 
Yeasts 50 Innumerable Uneventful 
Str. viridans; B. coli 500 40 Died of intraperitoneal 
abscesses 
Str. viridans; B. coli 120 Innumerable Uneventful 
Str. viridans 300 83 Pelvic abscess 
No growth on broth 500 9 (type not Died; cause not deter- 
determined) mined; no autopsy 
Str. viridans : Innumerable Wound abscess 
B. coli; anhemolytic 100 Died of pneumonia; no 
streptococcus autopsy 
Anhemolytie streptococcus; ? 57 Uneventful 
Staph. aureus 





CHEMICAL STUDIES 


It has been stated that normal gastric juice has a bacteriostatic effect 
on micro-organisms.'* Broth cultures of intragastric contents from our 
patients were almost always productive of bacterial growth. In a large 
number of persons with perforations, the hydrogen ion concentration of 
gastric juice was found to be low at the time of operation. This was 
true even of the perforations of briefest duration. Chart 1 illustrates 


12. Arnold, L.: The Bacterial Flora Within the Stomach and Small Intestine, 
Am. J. M. Se. 186:471, 1933. 
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GASTRIC CONTENTS 


25 3.0 35 4045 50 556065 70 75 8085 90 pH 


PERITONEAL FLUID 


525 55 575 60 625 65 675 70 725 75 775 80 62585 py 


Chart 1—Range of pa determinations (A) of gastric contents aspirated before 


closure of perforated gastric and duodenal ulcers and (B) of peritoneal fluid 
removed at operation. Each rectangle represents 1 case. 


87 








2 3 a 


DAYS 
Chart 2.—Change in gastric pu following closure of perforated ulcer (patient 
W. T.). OP, operation. 
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these findings graphically. Interesting but unexplained was the wide 
range of pu Values with no relation to how long the perforation had been 
S 


sent. 
ye Finding the gastric acidity low at the time of operation I was 
interested in knowing how soon normal hydrogen ion concentration 
would be reached. This was found to occur twenty-four to forty-eight 
hours postoperatively. Chart 2 illustrates graphically a typical case. 
Generally a rapid return to normal acidity, e. g., Pu 1.5 to pu 0.2, was 
a favorable prognostic sign. 

Of particular interest was the nature of the fluid within the abdominal 
cavity at the time of operation. One might expect to find a wide range 
of acidity dependent on the time consumed by the operation, the size of 
the opening and the acidity of the gastric juice. Surprisingly, practically 
all the fluids examined were neutral. Chart 1 shows that most of the 
py determinations ranged between 6.50 to 7.25. Furthermore, the 
chloride concentration of each specimen was that of blood plasma, 
approximately 100 milliequivalents per liter. This was constant regard- 
less of the acidity of the gastric juice, the duration of the perforation or 
the volume of fluid in the peritoneal cavity. 


COM MENT 


It has often been maintained that the morbidity and mortality rates 
associated with perforated ulcers are in direct ratio to the duration of 
perforation. This is not strictly true. In my own series, 11 of 20 deaths 
occurred in patients operated on within ten hours of the onset of perfo- 
ration. Bergh, Bowers and Wangensteen ** listed the factors which 
they considered important in governing the mortality rate following 
perforation of a viscus; in short these relate to: (1) the number and 
the virulence of escaping organisms; (2) the resistance of the host. 
This classification, which was based on animal experiments, appears 
generally to cover the problem in human beings. Certainly a person 
with a perforation must be estimated in terms of all the factors rather 
than on a basis of time alone. 

From my observation I believe it is questionable whether chemical 
peritonitis is of much significance. It is more probable that micro- 
organisms are of importance from the onset of perforation. Hydrochloric 
acid must disappear from the gastric juice rapidly after perforation, if 
indeed it is not absent at the moment of perforation. Blalock ** showed 


13. Bergh, G. S.; Bowers, W. F., and Wangensteen, O. W.: Perforation of 
Gastrointestinal Tract: An Experimental Study of Factors Influencing Develop- 
ment of Peritonitis, Surgery 2:196, 1937. 

14. Blalock, A.: Experimental Studies on the Effects of the Perforation of 
Peptic Ulcer, Surg., Gynec. & Obst. 61:20, 1935. 
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that gastric juice injected intraperitoneally in dogs is not lethal. It js 
true that mixtures of bile and pancreatic juice were occasionally lethal 
to dogs in Blalock’s experiments, but I have never observed gross bile 
in the peritoneal fluid resulting from a duodenal perforation. Blalock 
indicated that his animals suffered from shock. It is important to note 
that shock is not a part of the picture of rupture of a peptic ulcer. Ip 
none of my cases was shock evident except in those cases in which death 
from peritonitis occurred and then only terminally. From the chemical 
nature of the intra-abdominal fluid, the peritoneum must begin secretory 
activity immediately after perforation so as to maintain osmotic balance 
There is no evidence which would indicaté modification of the activity 
of bacterial growth either by the gastric contents or by the intra- 
abdominal fluid. Obviously, the fate of the bacteria or the host will be 
in part determined eventually by the cellular activity of the peritoneum. 


SUM MARY 

Bacterial infection of the peritoneal cavity is a major cause of death 
in cases of perforation in a peptic ulcer. 

Micro-organisms are to be found in the peritoneal cavity soon after 
perforation of an ulcer. 

The gastric acidity is low at the time of perforation, and bacteria 
are to be found in the gastric contents. 

The peritoneal fluid obtained at operation on patients with perfo- 
ration has a hydrogen ion concentration and a chloride content approach- 
ing that of blood plasma. 


Dr. Charles G. Johnston, professor of surgery, Wayne University College of 
Medicine, gave much helpful criticism and advice in the preparation of this paper. 


Wayne University College of Medicine. 
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BEHAVIOR OF RABBITS AFTER INFECTION WITH 
TOXIGENIC AND NONTOXIGENIC STAPHYLOCOCCI 


AN EXPERIMENTAL STUDY 


BARNARD KLEIGER, M.D. 


JOHN E. BLAIR, PD. 
AND 
FRANCES A. HALLMAN, Sc.M. 


NEW YORK 


The full role of exotoxin in the pathogenesis of systemic staphylo- 
coccic infections has not yet been demonstrated." The symptoms of 
systemic infections in human beings due to toxigenic staphylococci 
differ from the symptoms of those due to nontoxigenic staphylococci,’ 
and this difference is sufficiently pronounced to make it possible to 
determine from clinical characteristics alone whether the symptoms are 
primarily due to the effect of staphylococcic exotoxin. ** Previous 
reports have described the clinical response of the rabbit * and more 


From the Laboratory Division, Hospital for Joint Diseases. 
1. (a) Blair, J. E.: The Pathogenic Staphylococci, Bact. Rev. 3:97 (June) 
1939. (b) Flaum, A.: Studies in Staphylococci and Staphylococcal Immunity, 
Acta path. et microbiol. Scandinav., 1938, supp. 35, p. 1. (c) Nélis, P.; Bouckaert, 
J. J., and Picard, E.: Contribution a l'étude de la toxine staphylococcique, Ann. Inst. 
Pasteur 52:597 (June) 1934. (d) Valentine, F. C. O.: Further Observations on 
the Role of the Toxin in Staphylococcal Infection, Lancet 1:526 (March 7) 1936. 

2. (a) Baker, L. D.: Acute Osteomyelitis with Staphylococcus Septicemia : 
Clinical Report on Use of Chemotherapy and Staphylococcus Antitoxin in Its 
Treatment, South. M. J. 34:619 (June) 1941. (b) Baker, L. D., and Shands, A. 
R., Jr.: Acute Osteomyelitis with Staphylococcemia: A Clinical Report on the 
Use of Antitoxin in Its Treatment, J. A. M. A. 113:2119 (Dec. 9) 1939. (c) 
Joyner, A. L., and Smith, D. T.: Acute Staphylococcus Osteomyelitis: The Use 
of Staphylococcus Antitoxin as Aid to Management of Toxemia and Staphylo- 
coccemia, Surg., Gynec. & Obst. 63:1 (July) 1936. (d) Kleiger, B., and Blair, 
J. E.: Correlation Between Clinical and Experimental Findings in Cases Showing 
Invasion of the Blood Stream by Staphylococci, ibid. 71:770 (Dec.) 1940. (e) 
Stookey, P. F., and Scarpellino, L. A.: Staphylococcus Septicemia, South. M. J. 
32:173 (Feb.) 1939. 

3. (a) Burnet, F. M.: The Exotoxins of Staphylococcus Pyogenes Aureus, 
J. Path. & Bact. 32:717 (Oct.) 1929. (b) Dolman, C. E.: Pathogenic and Anti- 
genic Properties of Staphylococcus Toxin, Canad. Pub. Health J. 23:125 (March) 
1932. (c) Kellaway, C. H.; Burnet, F. M., and Williams, F. E.: The Pharma- 
cological Action of the Exotoxin of Staphylococcus Aureus, J. Path. & Bact. 33: 
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specifically of the rabbit heart * to the intravenous injection of exotoxin, 
With these clinical and experimental reports as a point of departure. 
the purpose of the present work is to extend these observations py 
comparing the clinical and electrocardiographic responses in rabbits 
receiving intravenous injections of staphylococcus exotoxin and toxin- 
free suspensions of living toxigenic or nontoxigenic staphylococci. 


METHODS 


Rabbits averaging 2,300 Gm. in weight were used. Cardiac action was recorded 
with a standard clinical electrocardiographic apparatus.5 All the electrocardio- 
grams were taken in lead II. The right upper and left lower extremities were 
anointed with conducting jelly, and soft copper wire electrodes to be connected to 
the poles of the instrument were wrapped around them. Readings were taken 
before the injection and at intervals thereafter. Rectal temperatures were taken 
with an ordinary clinical mercury thermometer. The rabbits were under constant 
observation for twenty-four to thirty hours after injection and were frequently 
observed thereafter until death. 

Two strains of pathogenic staphylococci were used in these experiments, one 
a toxigenic strain and the other nontoxigenic. The toxigenic strain (Wood 46) 
has been widely described in the literature. Our culture was received in September 
1936 through the courtesy of Dr. H. J. Parish, of the Wellcome Physiological 
Research Laboratories, England. The nontoxigenic strain (no. 437) was isolated in 
this laboratory in October 1938 from the blood of a child with pyarthrosis of the 
knee. Both are strains of Staphylococcus aureus, and both give a positive coagulase 
reaction.* Blood agar is hemolyzed to some extent by both strains, but the Wood 46 
produces a potent soluble alpha hemotoxin, while the no. 437 produces neither 
alpha nor beta hemotoxin. 

Toxin was prepared with the Wood 46 strain by growing the organism in semi- 
solid Bacto brain-heart infusion agar in an atmosphere containing 30 per cent carbon 
dioxide for forty-eight hours at 37 C. The agar culture was filtered through gauze; 
the filtrate was centrifuged at high speed, and the supernatant material represented 
the toxin used in the experiments. 


889 (Oct.) 1930. (d) Rigdon, R. H.: Early Lesions Following Intravenous Admin- 
istration of a Filterable Staphylococcus Toxin: A Study on the Dog and Rabbit, 
Arch. Path. 20:201 (Aug.) 1935; Staphylococcus Toxin: A Résumé, Am. J. 
M. Sc. 199:412 (March) 1940. (e) Weld, J. T. P., and Gunther, A.: Differentia- 
tion Between Certain Toxic Properties of Filtrates of Hemolytic Staphylococcus 
Aureus, J. Exper. Med. 54:315 (Sept.) 1931. 

4. (a) Dingle, J. H.; Hoff, E. H.; Nahum, L. H., and Carey, B. W., Jr.: The 
Effect of Staphylococcus Aureus Exotoxin on the Rabbit Heart, J. Pharmacol. & 
Exper. Therap. 61:121 (Oct.) 1937. (6) Kraus, R., and Pribram, E.: Ueber 
Staphylokokkentoxin und dessen Antitoxin, Wien. klin. Wchnschr. 19:493, 1906. 
(c) Russ, V. K.: Die Toxine und Antitoxine der pyogenen Staphylokokken, Ztschr. 
f. exper. Path. u. Therap. 18:220, 1916. (d) Nélis, Bouckaert and Picard.1¢ 

5. A standard clinical electrocardiographic apparatus was obtained through 
Mr. S. R. Hollander, of the General Electric X-Ray Corporation of New York. 

6. Chapman, G. H.; Berens, C.; Peters, A., and Curcio, L.: Coagulase and 


Hemolysin Tests as Measures of the Pathogenicity of Staphylococci, J. Bact. 28: 
343 (Oct.) 1934. 
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Washed cultures were prepared by suspending the growth from eighteen to 
twenty-four hour agar cultures in sterile physiologic solution of sodium chloride, 
centrifuging and washing three times in sterile solution of sodium chloride. Sus- 
pensions washed in this manner were shown to be free from any trace of exotoxin. 
The washed bacterial sediment was finally suspended in 5 cc. of sterile solution of 
sodium chloride. The infecting dose was 1 cc. of this suspension per kilogram 
of body weight. 

RESULTS 

Rabbits Receiving Staphylococcus Exotoxin.—Seven rabbits were 
given single intravenous injections of staphylococcus exotoxin in doses 
varying from 0.031 to 1.0 cc. per kilogram of body weight. As a control, 
1 rabbit received 0.5 cc. per kilogram of sterile culture medium processed 
in the same manner as the semisolid agar cultures. Only the rabbit 
which received the smallest dose of exotoxin and the control survived. 
The other rabbits died* in three to twenty-two minutes, except 1, 
which survived one hundred and sixty-seven minutes. The duration 
of survival tended to be inversely proportional to the amount of exotoxin 
injected. 

The rabbits which died showed a characteristic pattern of changes 
in the heart rate. Before injection the rate averaged 254 beats per 
minute. Shortly after injection it diminished in each animal from 50 
to 100 beats and then rose rapidly to a level 50 to 100 beats per minute 
above the original normal rate. From this height there was a sudden 
drop in the rate which was associated with rhythmic irregularities and 
electrocardiographic changes indicative of myocardial damage. Among 
these were heart block, ventricular tachycardia, fibrillation and nodal 
beats, as well as distortion of the individual components of the curve 
(fig. 1). 

Clinically the rabbits appeared normal for a short time after injection. 
They then became restless and apprehensive; this was followed by 
unsteadiness, paralysis of the hinglegs and irregular and gasping respira- 
tions. Incoordinate running movements were accompanied by violent 
convulsions with opisthotonos and retraction of the neck and just before 
death by involuntary expulsion of urine and feces. The temperature 
taken immediately after death did not differ significantly from that 
taken just before the injection of toxin. 

Rabbits Receiving Washed Toxigenic Staphylococci—One cubic 
centimeter per kilogram of body weight of a washed culture of the 
toxigenic strain of staphylococcus was injected intravenously into 3 
rabbits. Two died in twenty-six hours and the third on the sixth day 
after injection. The temperature of the first 2 rabbits gradually rose 


7. The animal was pronounced dead at the moment when respirations and all 
external muscular activity ceased. 
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4 or 5 degrees (F.) above normal in twelve to eighteen hours and then 
gradually receded without ever reaching the normal level. That of the 
third rabbit rose about 3 degrees (F.) in the first twenty-eight hours 
and then gradually declined, to reach its original level on the fourth day 
and 5 or 6 degrees (F.) below that at death. ' 

The difference between the responses of the 2 rabbits which died 
in twenty-six hours and the 1 that died in six days was obvious. In 
the former an initial transient reduction in the heart rate was followed 
by a gradual rise to about 100 beats per minute above normal after 
several hours. The rate then dropped suddenly, and the electrocardio- 
graphic changes appeared. In 1 rabbit an elevated T wave appeared 
at twenty hours and was followed four hours later by an auriculoventric- 





Fig. 1.—Electrocardiograms of rabbit 354, which was given an intravenous 
injection of staphylococcus exotoxin. The rabbit weighed 2,100 Gm. Respirations 
and muscular activity ceased eleven minutes after injection. A, before injection— 
rate, 186 per minute; B, five minutes after injection—rate, 310 per minute; C, 
nine and a half minutes after injection—rate, 242 per minute; D, ten minutes after 
injection. 


ular block with numerous dropped beats which persisted until death. 
In the other rabbit a wandering pacemaker appeared at seventeen hours, 
and the T waves became markedly depressed about twenty minutes 
before death (fig. 2). The initial symptoms were lethargy and weak- 
ness, which progressed until the rabbit could no longer stand erect. 
Respirations became irregular and gasping. For a time before death 
typical running movements occurred and were followed by violent con- 
vulsions associated with opisthotonos and retraction of the neck. 

The third rabbit had a gradual but moderate increase in the heart 
rate which reached its peak in twenty-four hours. This persisted until 
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the sixth day, when there was an antemortem slowing to almost the 
same level as before the injection. No significant electrocardiographic 
changes appeared. During the course of its illness the rabbit became 
increasingly weaker and ate little; on the sixth day it had a single mild 
uncharacteristic convulsive seizure and died. Postmortem examination 
revealed numerous abscesses in the heart, the lungs and the kidneys 
and a loss of weight of 530 Gm. 

Immediately after receiving an intravenous injection of 2,500 units 
of staphylococcus antitoxin (Lederle Laboratories, Inc.), 1 rabbit 
received intravenously a lethal dose of washed toxigenic staphylococci. 
The administration of antitoxin was repeated at intervals until the animal 
had received 10,000 units in four days. During the first day the tem- 
perature rose to 106 F., where it remained for seven days, and then 
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Fig. 2—Electrocardiograms of 2 rabbits given intravenous injections of washed 
cultures of toxigenic staphylococci. In both animals respirations and muscular 
activity ceased twenty-six hours after injection. A (rabbit 342), ten and a half 
hours after injection—rate, 285 per minute (rate before injection, 236; weight, 2,300 
Gm.) ; B (rabbit 342), twenty-three and a half hours after injection—rate, 111 per 
minute; C (rabbit 345), twenty-three hours after injection—rate, 288 per minute 
(rate before injection, 218; weight, 2,200 Gm.); D (rabbit 345) twenty-five and 
a half hours after injection—rate, 160 per minute. 


receded toward normal. The heart rate rose little, and the rise was 
not maintained. There were no electrocardiographic changes. The 
rabbit appeared to be ill the first day after injection, and for the next 
twelve days it lost weight and became weaker. For the next three days 
the condition remained stationary. From then on it improved, and four 
months after injection the rabbit was well, having gained 400 Gm. over 
its original weight. 

Rabbits Receiving Washed Nontoxigenic Staphylococct.—Six rabbits 
were given injections of washed cultures of the nontoxigenic staphylo- 
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coccus. Five died within fifteen to twenty hours and the other in fifty- 
eight hours and twenty-five minutes. The temperature was elevated 
2 or 3 degrees (F.) above normal, and the heart rate increased 50 to 
100 beats per minute. These changes followed no characteristic pattern, 
No significant electrocardiographic changes were observed. The rabbits 
became weak and lethargic in eleven to fourteen hours after injection. 
This condition increased until they could no longer stand erect. The 
respirations became more difficult and rapid. Death was gradual and 
quiet and was not associated with convulsions or any other characteristic 
muscular activity. During illness the rabbits lost from 170 to 260 Gm. 
in weight. 

One cubic centimeter per kilogram of physiologic solution of sodium 
chloride was injected intravenously into 2 rabbits. No changes were 
observed in the temperature, the heart rate, the electrocardiograms or 
the general condition of the rabbits. Both were subsequently used in 
other experiments seven days later. 


COMMENT 


Nélis, Bouckaert and Picard ** demonstrated progressive drop in 
the blood pressure and slowing of the pulse rate followed shortly by 
ventricular fibrillation after the injection of staphylococcus exotoxin 
in the rabbit. This occurred before any respiratory changes and was the 


same in vagotonic as in normal rabbits. Dingle and co-workers ** demon- 
strated changes in the individual components of the electrocardiographic 
pattern which definitely indicated myocardial damage. 

The electrocardiographic changes in the rabbits of our series which 
were given injections of exotoxin resembled those previously described 
sufficiently to require no further elaboration. Two of the 3 rabbits 
injected with toxin-free washed cultures of toxigenic staphylococci died 
within twenty-six hours, and their electrocardiograms showed changes 
similar to those of the rabbits receiving exotoxin, indicating the produc- 
tion of toxin in vivo. The other rabbit survived six days; during this 
time none of these changes appeared. It is significant also that there 
were no electrocardiographic changes either in the rabbit protected by 
antitoxin or in those given an injection of nontoxigenic staphylococci. 

The characteristic chain of events which rapidly follows the intra- 
venous injection of staphylococcus exotoxin * was seen in the 2 rabbits 
dying within twenty-six hours after the injection of washed toxigenic 
staphylococci, but it lasted over a longer period of time. The third rabbit 
died after six days of increasing debility and loss of weight, and at autopsy 
numerous abscesses were found. The rabbit given the injection of 
antitoxin became ill and debilitated but never showed any signs of 
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toxicity and finally recovered. Those rabbits dying of infection with 
washed nontoxigenic staphylococci died quietly and with none of the 
characteristics of toxicity. 

Although no definite conclusions can be drawn from the changes in 
the pulse rate, the constancy of the pattern associated with exotoxin 
and the difference of the pattern when exotoxin is absent are worthy 
of further observation. The changes in temperature were insignificant. 

These results confirmed the previous impression that the character 
of systemic disease due to staphylococci depends to a large degree in 
some instances on the reaction to exotoxin. In man the symptoms are 
so characteristic that the effect of the exotoxin can be readily recognized 
by the clinical picture of the patient.?¢ 


SUMMARY 


Staphylococcus exotoxin when injected intravenously into the rabbit 
rapidly produces a characteristic chain of clinical symptoms, with char- 
acteristic pulse and electrocardiogram. 

These same changes are brought about over a longer period when 
washed cultures of toxigenic staphylococci are injected intravenously. 

The intravenous injection of washed nontoxigenic staphylococci 
causes altogether different clinical symptoms and no changes in the 
electrocardiogram, although the rabbit may die within twenty-four hours 
after injection. 


Drs. Harry Gold and Arthur M. Fishberg helped in interpreting the electro- 
cardiograms, 


1919 Madison Avenue. 





PSEUDOHERMAPHRODITISM 


REPORT OF TWO CASES 


DONALD D. KOZOLL, M.D. 


EVANSTON, ILL. 


Of several classifications of patients with hermaphroditism that haye 
been proposed to date, the most lucid and self-explanatory one is that of 
McCahey,* which is as follows: group 1, male pseudohermaphrodites 
without miillerian derivatives; group 2, female pseudohermaphrodites; 
group 3, true hermaphrodites ; group 4, male pseudohermaphrodites with 
miillerian derivatives. 


I wish to report on 1 patient representing group 2 and 1 representing 


group 4 and at the same time call attention to certain anatomic features 
characteristic of each of these four groups. 


MALE PSEUDOHERMAPHRODITES WITHOUT MULLERIAN 
DERIVATIVES 


McCahey* gathered 12 reported cases of male pseudohermaphiro- 
dites without miillerian derivatives, and I have been able to add 7 more 
which have appeared in the literature subsequently.” 

Patients in this group are unquestionably male; the identity of their 
sex is frequently confused by the presence of derivatives of the urogenital 
sinus rather than derivatives of the miillerian structures. The presence 
of a hypospadic urethra, a vagina and labia-like structures is almost the 
rule. The testes are usually extraperitoneal although frequently atrophic. 
There is abundant clinical evidence of hypogonadism, such as atrophic 
prostate glands, beardlessness and a small penis. Mishell ** reported 3 
cases in one family, in which the patients were 23, 32 and 35 years of age 
respectively and had lived together as sisters. 

Inguinal hernias were associated with the condition in 6 of the 
19 cases. 


From the Department of Surgery, St. Francis Hospital. 

1. McCahey, J. F.: Surg., Gynec. & Obst. 67:646, 1938. 

2. (a) Mishell, D. R.: Am. J. Obst. & Gynec. 35:960, 1938. (b) Carlisle, 
W. T., and Geiger, C. J.: ibid. 36:1047, 1938. (c) Crossen, H. S.: ibid. 38: 


123, 1939. (d) Rollins, P. R.: Northwest Med. 39:181, 1940. (¢) Palhares, ( 
Rev. de gynéc. et d’obst. 2:294, 1939. 


578 





that have 
is that of 
Phrodites 
hrodites - 
lites with 


resenting 


- features 


maphro- 


| 7 more 


of their 
‘ogenital 
presence 
nost the 
trophic. 
atrophic 
orted 3 


s of age 


of the 


Carlisle, 
vid. 38: 


res, ( 


KOZOLL—PSEUDOHERMAPHRODITISM 


FEMALE PSEUDOHERMAPHRODITES 


McCahey * reported 15 cases of patients in this group in 1938, and | 
have been able to accumulate 12 more case reports published since 
then.’ To these I add a twenty-eighth case. 

All of the patients in this group are genetically female; their chief 
disturbance is related to abnormal development of the urogenital sinus. 
The phallus is almost always large enough to be described as a penis and 
is the structure that usually attracts the attention of the parent or the 
physician, as it did in my case. The labia frequently have the appearance 
of a scrotum, and abnormalities of the vagina are frequent. In all cases 
the ovaries are located within the abdomen, and those examined histo- 
logically show normal ovarian tissue. Miullerian derivatives are usually 
present although frequently rudimentary. No derivatives of the wolffian 
body are seen. No instances of inguinal hernia are recorded. Stigmas 
of virilism, such as hirsutism, atrophic breasts, amenorrhea and masculine 
stature, are frequent. 

TRUE HERMAPHRODITES 

McCahey described 17 cases of true hermaphrodites in November 
1938.1 However, Hugh Young in reporting his second case of a true 
hermaphrodite before the American Urological Society, on June 29, 1938,‘ 
considered 21 cases in the literature as confirmed and considered his 
second case as an acceptable twenty-second case. In May 1939, Smith 
and associates > reported what they considered to be the twenty-third 


and twenty-fourth proved cases, and I have obtained references to 7 more 
acceptable cases reported since that date.° 

Patients in this group are supposedly bisexual persons with evidences 
of ovarian and testicular tissue, either as separate gonads or as an 
ovotestis with both kinds of germinal tissue in the same gonad. The 


3. Jones, H. O.: Am. J. Obst. & Gynec. 35:701, 1938. Carlisle, W. T., and 
Geiger, C. J.: ibid. 36:1047, 1938. Smith, C. K., and Stockwell, A. L.: J. Urol. 
43:234, 1940. Charvat, J.; Kodiceh, E., and Schubert, O.: Endocrinology 23:91, 
1938. Parhun, C. I.; Placinteanu, G., and Ornstein, I.: Rev. frang. d’endocrinol. 
16:344, 1938. Jasienski, G.: J. d’urol. 46:562, 1938. Miller, I. D., and Kenny, 
P. J.: Brit. J. Surg. 27:728, 1940. Garcia, A. L.: Semana méd. 1:1457, 1938. 
da Rocha, J. M.: Hospital, Rio de Janeiro 15:313, 1939. Pereira, A.: Rev. urol. 
de Sao Paulo 4:169, 1937. 

4. Young, H. H.: Operative Treatment of True Hermaphroditism: New 
lechnic for Curing Hypospadias, Arch. Surg. 41:557 (Aug.) 1940. 

5. Smith, P. G.; Mack, J. R., and Murray, M.: J. Urol. 41:780, 1939. 

6. Kell, R. C.; Matthews, R. A., and Bockman, A. A.: Am. J. M. Sc. 197: 
825, 1939. Reinberger, J. R., and Simkins, C. S.: Am. J. Obst. & Gynec. 36:275, 
938. Seligman, B.; Kraushar, S., and Byron, C. S.: J. Clin. Endocrinol. 1:429, 
1941. Doss, A. K., and Priestley, J. T.: Am. J. Obst. & Gynec. 48:859, 1940, 
Jasienski, G.: J. d’urol. 46:456, 1938. Malgras and Gricouroff: Mém. Acad. de 
chir, 65:272, 1939. 
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mullerian derivatives are usually well differentiated although frequently 
underdeveloped ; at the same time, wolffian derivatives in an abortive 
state of development are encountered just as frequently. The urogenital 


sinus usually shows the same type of disturbed development as it does 


in a female pseudohermaphrodite, namely, the frequent development of a 


penile phallus, a scrotum and a communication of the vagina with the 
posterior urethra. 


The presence of 13 inguinal hernias in the collected group of 31 true 
hermaphrodites requires additional comment in view of the fact that the 
hernial sac frequently contains the gonad, either ovarian or testicular 
in nature or both. McCahey suggested that the migratory tendency of 
testicular tissue might be the explanation for the high incidence of 
inguinal hernias in this group. 


MALE PSEUDOHERMAPHRODITES WITH MULLERIAN DERIVATIVES 


McCahey contributed 23 cases of male pseudohermaphrodites with 
mullerian derivatives in 1938, and I have collected references to 8 more 
reported since that date.’ To these I wish to add a case of my own, 
making a total of 32 cases. 

Patients in this group are generally considered genetically male; in 
them all gonadal tissue is testicular. Development of the miillerian duct 
system is rather extensive, and the presence of a complete internal female 
reproductive tract including everything but the ovary is not unusual. 
Wolffian derivatives develop alongside those of the miillerian system. 
The abnormal development of the urogenital sinus is usually limited to a 
rudimentary vagina which communicates with the posterior urethra or 
ends blindly within the perineum. The testicle frequently occupies the 
position of an ovary as far as its relation to the uterus and the sur- 
rounding structures is concerned. 


Inguinal hernias were present in 10 of the 32 cases, and the hernial 
sac frequently contained a descended testicle. The secondary sexual 
characteristics were more frequently male than female. 

The case to be presented here was that of a male pseudohermaphrodite 
with miillerian derivatives. To my knowledge this is the thirty-second 
confirmed case of its kind to appear in the literature. 

7. Pratt, J. P.: Am. J. Obst. & Gynec. 40:780, 1940. Weisman, A. L., and 
Schwarz, A.: Intersexuality Proved by Operation and Microscopic Examination, 
J. A. M. A. 117:2248 (Dec. 27) 1941. Nilson, O.: Acta chir. Scandinav. 83:231, 
1939. Greenhill, J. P., and Schmitz, H. E.: West. J. Surg. 48:36, 1940. 
Barbers, J. C.: Bol. Soc. de cir. de Rosario 5:125, 1938. Geissler, J.: Beitr. 
z. path. Anat. u. z. allg. Path. 99:305, 1937. 
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REPORT OF CASES 


The patient was 18 years old, white and male. He entered the hospital and the 
service of Dr. E. C. McGill for the repair of an indirect inguinal hernia on the left 
side. He was first made aware of the presence of this a week before, when he 
noted sharp pain and swelling in his left groin on lifting a heavy weight at the 
steel mill where he was employed as a buffer. The swelling was about the size of 
a plum, and it together with the pain disappeared when the patient lay down. In 
the course of the following week on coughing or straining, he had recurrences of the 
pain and the swelling in the left groin. 

The inventory by systems revealed that he had always enjoyed fine health and 
was regarded by his family and friends as a well developed muscular youth. He had 
become a manual laborer on graduating from high school. He had no further 
pertinent complaints relative to his illness on admission. Later, on direct questioning, 
it was learned that he had never shaved, although his face was covered with a fine 
growth of hair, which he did not think required shaving. His stature and chest 
development were masculine; in fact, he had been complimented on his excellent 
masculine physique. He had a male escutcheon and a well developed penis. He 
described having erections of the penis and nocturnal pollutions but was noncom- 
mittal as to having had intercourse. He did have many female friends, who were 
seen to visit him during his subsequent convalescence. He was aware of an 
undescended right testicle for which he never sought medical advice and was under 
the impression that his left testicle was normal and had always been in the scrotum. 

His past medical history was noncontributory except that he had had measles 
as a child but did not remember having mumps. The familial history was normal ; 
apparently there were no other hermaphrodites in the family. 

Physical examination revealed a well developed, well nourished, muscular white 
youth in good health. The temperature on admission was 98 F.; the pulse rate was 
76, and the respiration rate was 20. Examination of the head and the neck revealed 
nothing significant. His haircut was that of a man, and the bearded zone of his 
face was covered with a fine growth of hair which was slightly coarser over the 
upper lip. The chest revealed normal male breasts with well developed pectoralis 
muscles and good chest expansion. The heart and the lungs were normal on exami- 
nation. The blood pressure was 130 systolic and 80 diastolic (expressed in milli- 
meters of mercury), and the pulse was regular and of normal quality. The 
abdomen was scaphoid with well developed musculature, a narrow waistline and 
a distribution of hair over the pubis extending up to the navel corresponding to 
the usual male pattern. The abdomen was nontender, and no viscera could be 
palpated. On standing and coughing a mass about 4 cm. in diameter entered the left 
inguinal canal at the internal inguinal ring and protruded just outside the external 
inguinal ring. An impulse was transmitted on coughing, and the external ring 
was about 2 cm. in diameter. The hernial sac was thought to contain omentum, 
which might have produced the slight tenderness experienced on palpation over the 
unreduced sac. The penis was somewhat larger than the average male adult penis, 
and the right testicle was not present in the scrotum and could not be palpated 
within the right canal. The left testicle appeared considerably enlarged (twice 
the average size) and was in the scrotum. The scrotum showed no abnormalities. 
The urethra appeared normal, and the right external inguinal ring did not permit 
introduction of the examining finger. On rectal examination a smooth, small, tri- 
lobed prostate gland was palpated and was thought to be normal; no rectal or pelvic 
masses could be palpated, and the seminal vesicles felt normal to palpation. 
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The blood count revealed 4,790,000 erythrocytes, 5,350 leukocytes and 89 per cent 
hemoglobin. A differential leukocyte count showed 60 per cent polymorphonuclear 
leukocytes, 31 per cent lymphocytes, 6 per cent monocytes, 2 per cent eosinophils and 
1 per cent basophils. The urine had a specific gravity of 1.025 and gave nevative 
reactions for albumin, sugar and acetone ; the centrifuged specimen revealed nothing 
significant. The patient was prepared for left herniorrhaphy with the preoperative 
diagnosis of a left indirect inguinal hernia (reduceable) and a right undescended 
testicle. There was no clinical suggestion of hermaphroditic pathologic change. 

With the patient under anesthesia induced with ether and ethylene, a classical 
left Bassini incision was made. The aponeurosis of the external oblique abdominal 
muscle was divided down to the external inguinal ring, the spermatic cord and 
the hernial sac were identified, and the dissection of the sac was accomplished 
in the usual manner. As the internal inguinal ring was approached, it was observed 
that traction on the spermatic cord consistently drew a large firm tumor mass 
through the internal ring into the hernial sac; relaxation of the cord permitted 
the tumor mass to return to its position within the peritoneum. The sac was then 
opened, and the vas deferens and an additional cordlike structure were seen just 
beneath the peritoneum of the sac. By traction on these structures the specimen 
shown in figure 14 was brought into view, being delivered through the internal 
ring. It was at once apparent that an internal female reproductive tract was being 
dealt with. To investigate the possibility of a communication between the lower- 
most portion of the uterus (or possibly of a vagina) with the bladder or the 
posterior part of the urethra, the uterus was opened and a probe passed down 
through its lumen; it was found to end blindly in the vesicorectal perineum. 
Another catheter passed through the urethra into the bladder demonstrated the 
independence of these two structures. The left testicle was then delivered from 
its scrotal position and on inspection was found to be at least twice the average 
size of normal testes and obviously hypertrophic. The missing right gonad was 
attached to a broad ligamentous structure much in the relation of an ovary to its 
surrounding structures. 

The problem then arose as to what the fate of these miillerian derivatives with the 
attached gonad should be. If the gonad were an ovary, then in view of the patient’s 
preponderant male secondary sexual characteristics, it should be resected. If it 
were an atrophic testicle, which was more likely because of the right-sided 
cryptorchidism and the smooth dense tunica, it would also be best if it were 
removed. First of all, it was apparently functionless as a testicle, and second, in 
its intra-abdominal position it was predisposed to neoplastic change. Furthermore, 
no connecting epididymis or vas deferens for this gonad could be demonstrated at 
the time of operation. On the other hand, a well outlined vas deferens and 
epididymis were identified for the left testicle, running up the spermatic cord, 
adherent to the left side of the uterine fundus and then continuing down toward 
the neck of the bladder. It was therefore decided to remove the uterus and its 
appendages and the right gonad after dissecting the left vas deferens free of 
the uterus. The point in the perineum where the blind uterine cervix was dissected 
away was peritonealized with the posterior reflection of the bladder peritoneum. 
The hernia was then repaired in the usual manner with the transplantation of the 
spermatic cord above the aponeurosis of the external oblique muscle. 

The patient made an uneventful postoperative convalescence. Although further 
history and examination were obtained, neither he nor his family was made aware 
of his pseudohermaphroditic state. I was able to procure as much information as 
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wall of the fundus uteri averaged 1 cm. in thickness and thinned out to 2 o- 
3 mm. near the lower uterine segment. No structure anatomically resembling the 
cervix could be demonstrated, the uterine fundus apparently having ended blindly. 
There was no evidence of a vagina. The uterine cavity was lined by a smooth 
pale tan mucous membrane averaging 1 mm. in thickness. No communication 
existed between the lumen of the uterine fundus and the lumens of what were 
thought to be fallopian tubes. Along the left side of the fundus was a grooved 
channel which represented the former position of the left vas deferens. Occupying 
a similar position beneath the serosal surface of the right side of the uterus was 
another tortuous tubular structure which histologically proved to be the right yas 
deferens. 

At the left cornu of the uterus several amputated cordlike structures were 
found. The uppermost one was 3 mm. in diameter and had a slitlike lumen. This 
later proved to be the isthmus and the intramural portions of the left fallopian 
tube (fig. 3). The remainder of the cornu was made up of bands of fibrous tissue 
and smooth muscle in which a rich plexus of blood vessels was located. 

A relatively thick broad ligament extended to the right of the uterus for a 
distance of 10 cm. It was 3.5 to 4 cm. in width and up to 8 mm. in thickness in 
some areas. Between its two peritoneal surfaces lay several tubular structures 
and blood vessels. The tubular structure coursing along the top border of this 
broad ligament appeared to be the right fallopian tube (fig. 4). It had a lumen in 
the center which expanded toward the peripheral end. The ostium of the tube 
pointed toward the gonad but was embedded in membranes continuous with the broad 
ligament. The caliber of the entire tube was much less than normal. Beneath and 
below the right fallopian tube and following the latter along its distal two thirds 
a structure resembling a mesonephric body was dissected out between the layers 
of the broad ligament. It measured 5 cm. in length and averaged 6 mm. in width 
and 3 mm. in thickness. It consisted of narrow tortuous tubules which on histologic 
examination proved to be the head of the epididymis (fig. 6). 

At a point midway in the broad ligament a well outlined tortuous tubular 
structure was exposed which appeared to be continuous with the tubular mass 
already mentioned and appeared to be the body and the tail of the epididymis. 
Leading away from this was a still larger tube which gradually appeared to uncoil 
itself, so that by the time it reached the right side of the uterus it had all the 
gross appearances of the right vas deferens. This structure averaged 2 mm. in 
diameter and histologically resembled the vas deferens. 

The gonad was firmly attached to the broad ligament along one of its longi- 
tudinal surfaces for a distance of 3 cm. by a short suspensory ligament which fused 
with the capsule of the testis. The gonad measured 3 by 2 by 2 cm. and was 
covered by a smooth thickened tunica albuginea. On section it had the yellow-tan 
granular appearance of testicular tissue. The gonad presented a small corpus 
highmorianum which subsequently proved to contain rete testis. On gross inspec- 
tion no tissue representing the head of the epididymis could be demonstrated in 
contact with the posterior pole of the testis. Within the layers of the suspensory 
ligament attaching this pole of the testis to the broad ligament, tubules, which on 
histologic examination suggested remnants of mesonephric tubules, were found, but 
nothing was observed suggesting either an epididymis or a ductus deferens. 


Microscopic Pathologic Examination.—Sections taken through the uterine fundus 
at various levels revealed a thin atrophic endometrium, a thick myometrium and a 
normal perimetrium (fig. 2). The surface of the endometrium was everywhere 
denuded of its epithelium. It consisted of a compact stroma in which a small 
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Fig. 2. (A—A’ in fig. 1 B) —Photomicrograph of a section through the uterine 
fundus (iron-hematoxylin stain; x 60). Note the endometrial surface denuded 
of epithelium, the engorged blood vessels, the simple tubular glands, the area of 
extravasated erythrocytes and the myometrium. 


Suspensory ferentation into a cervix. All the sections indicated a quiescent endometrium in a 
which on hypoplastic uterus. 
found, but Sections through the left cornu of the uterus revealed the intramural portion 
. of the left fallopian tube (fig. 3), below which was found a broad layer of tissue 
ine fundus onsisting of smooth muscle, fibrous tissue and numerous blood vessels. The smooth 
ium and a muscle represented an extension of the musculature of the fundus. Frequent sub- 
verywhere serosal extravasations of erythrocytes were seen. Sections through the fallopian 


h a small tube (fig. 3.4 and B) showed a tubular structure with flattened epithelial folds 
1 a slitlike lumen. The epithelium was pseudostratified. All nuclei were of a 
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similar vesicular appearance with their longest axis lying in the vertical diamete, 
of the cell. The musculature surrounding the epithelium consisted of two thick 
layers of smooth muscle because of its proximity to the fundus. 


OS 














Fig. 3 (B—B' in fig. 1B)—A, photomicrograph of a section through the 
intramural portion of the left fallopian tube (iron-hematoxylin stain; « 40). Folds 
of mucous membrane are flattened, and the lumen is slitlike. Note the inner layer 
of circular muscle and the outer layer of the longitudinal muscle. 8B, higher 
magnification of glandular epithelium shown in A (iron-hematoxylin stain; x 200). 
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Sections through the ampullary portion of the right fallopian tube (fig. 4) 
revealed a lumen which was partitioned off by numerous wide and narrow epithelial 
folds. The epithelium consisted of a single layer of tall columnar cells with large 
cylindric nuclei which filled most of the cytoplasm. Two layers of smooth muscle 
immediately surrounded the epithelium except in the areas of broad epithelial folds. 
In the latter a dense layer of fibrous tissue intervened and made up the interior of 
the fold. Sections through the isthmus of the right fallopian tube had appeared 
similar to the intramural portion of the left fallopian tube. Here the epithelial 
folds were flatter, the epithelium was more apt to be pseudostratified; the lumen, 
slitlike, and the muscle coat, thicker. 

Sections through the right gonad (fig. 5A and B) revealed shrunken semi- 
niferous tubules lined by one or more layers of epithelial cells resting against a 











Fig. 4 (C—C’ in fig. 1 B).—Photomicrograph of a section through the ampulla 
of the right fallopian tube (hematoxylin-eosin stain; x 52). Note the numerous 
epithelial folds and the thin muscular coat. 


thickened basement membrane. Cytologic examination of these cells indicated that 
they almost all possessed similar vesicular ovoid nuclei the chromatin content of 
which was usually aggregated in one centrally placed nucleolus. The cell outline was 
frequently rectangular and made up of a finely reticulated cytoplasm. The lumens 
of many tubules were filled with a similar type of material.” No mitoses were seen. 
Practically all of these cells were of this type and appeared to be Sertoli cells. No 
cells of the spermatogenic series were seen. The interstitial tissue between semi- 
niferous tubules was made up of loose connective tissue which in many areas was 
homogeneous and pink staining, and in others, vacuolated. Aggregates of large 
polyhedral cells arranged in epithelioid groups were prominent. These cells con- 
tained spherical nuclei with eccentrically placed nucleoli; the center of the nucleus 
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Fig. 5 (D—D’ in fig."1 B).—A, photomicrograph of a section through the right 
cryptorchid gonad showing atrophic seminiferous tubules (iron-hematoxylin stain; 
< 110). Note that the epithelial cells are frequently only one row in depth and 
that all of these cells appear to be of the same type (Sertoli cells). Albuminous 
material fills the lumen of many tubules. Interstitial areas show frequent areas 
of hyaline and vacuolar degeneration. 8B, higher magnification of a field adjoining 
that shown in A (iron-hematoxylin stain; x 170). Note the uniformity in the 
type of epithelial cell (Sertoli cells) and the prominence of the interstitial cells of 
Leydig. Note the absence of all forms of spermatogenic cells. 
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was frequently clear with its chromatin granules scattered in the periphery and one 
or two nucleoli adjoining the clear zone in the center. The cytoplasm of these cells 
was abundant and granular and contained inclusion bodies. They were undoubtedly 
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umMinous Fig. 6 (C—C’ in fig. 1 B).—A, photomicrograph of a section through the head 
mt areas of the right epididymis showing lobules of acini separated by septums of smooth 
joining muscle and connective tissue (hematoxylin-eosin stain; x 44). B, higher magnifica- 
y in the tion of A showing columnar epithelium, brushlike borders on the distal free 
cells of margins of the epithelial cells and the interacinar structure (hematoxylin-eosin 


stain; & 170). 
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interstitial cells of Leydig. Their prominence here was considered a relative hyper- 
plasia due to the comparative atrophy of the seminiferous tubules.* 

At the hilus of the testicle and lying within the tunica albuginea wer: large 
dilated tubules which formed irregular anastomosing channels which were lined 
by a single layer of cuboid cells. These were the rete testis. 

Within the suspensory ligament of this gonad several epithelial-lined tubules 
without lumens were observed which may have been remnants of mesonephric 
tubules, for they did not resemble histologically the efferent ductules of the head 
of the epididymis. The tunica albuginea was a thick dense layer of fibrous con- 
nective tissue. 

Sections taken through the head of the epididymis (fig. 6 A and B) revealed 
a lobulated structure made up of large acini lined by tall columnar or pseudocolumnar 
epithelium. The nuclei filled most of the cell and the distal margins of the cell 
had a brushlike border. The lumens of the acini were empty. The individual acini 
were separated by thin layers of smooth muscle and connective tissue. 

Sections through the body of the epididymis (fig. 7A and B) showed many 
tortuous branches of the coiled ductus epididymis. The duct was lined by pseudo- 
stratified columnar epithelium made up of two distinctly different types of cells. 
Along the basement membrane a discontinuous row of cuboid cells filled by small 
round densely staining nuclei were seen. Above this the cells were tall columnar 
in type with large ellipsoid vesicular nuclei. Brushlike borders were present along 
the free distal margin. The duct was surrounded by a dense circular and longitudinal 
layer of smooth muscle. Sections through the tail of the epididymis revealed the 
same histologic appearance. Sections through the vas deferens were the same 
except that the epithelium was lower, the folds were flatter, no brushlike borders 


were seen on the free surfaces of the epithelial cells, and the muscle wall was much 
thicker. 


The patient whose case I have just presented was typical of the group 
McCahey described as male pseudohermaphrodites with miillerian deriva- 
tives, although there were no female remnants of a urogenital sinus. The 
fact that in about one third of all cases of hermaphroditism, with the 
exception of those of female pseudohermaphroditism, there is an asso- 
ciated inguinal hernia is a fact not to be dismissed too lightly. It might 
warrant more frequent intra-abdominal exploration of the hernial sac 
in clinical cases of associated cryptorchidism and hypogonadism as well 
as in the cases of the more obvious hermaphroditism. The frequent 
occurrence of inguinal hernia in these cases is attributed to the inherent 
tendency of testicular tissue to leave the peritoneum. 

The specimen showed a rather extensive development of the miillerian 
duct system ; it further demonstrated in a rather convincing manner the 
embryonic development of the miillerian and wolffian duct systems along- 
side of each other. In normal development one of these two duct systems 
should have atrophied, depending on the sex of the germinal tissue. The 
explanation that is most frequently offered for the persistence of the 


8. Maximow, A. A., and Bloom, W.: Textbook of Histology, Philadelphia, 
W. B. Saunders Company, 1940. 
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miillerian duct derivatives in a case such as this is that there was inade- 
quate testicular development. Adequate testicular tissue 1s supposed to 
use atrophy of the miillerian ducts. This is unlikely because testicular 


Ca 

















Fig. 7 (E—E’ in fig. 1 B).—A, photomicrograph of a section through the body 
of the right epididymis showing a tortuous ductus epididymitis and its thick 
smooth muscle wall (iron-hematoxylin stain; x 22). Note that the lumen of the duct 
is filled with secretion material. B, higher magnification of A (iron-hematoxylin 
stain; x 200). Note the epithelial cells with small densely staining round nuclei 
nearest the basement membrane and the tall columnar cells with ellipsoid vesicular 
nuclei and brushlike distal margins superficial to the basement membrane. The 
lumen of the duct contains cast-off epithelial cells and secretion droplets. 





592 ARCHIVES OF SURGERY 


function was sufficient in this instance to have developed a normal penis, 
a male scrotum, a normal left testicle, a normal prostate and normal male 
secondary sexual characteristics. Furthermore, if there was testicular 
insufficiency present here one might reasonably anticipate the presence 
of some female remnants of the urogenital sinus, such as a bifid scrotum, 
rudimentary vagina or hypospadic urethra. McCahey?* expressed the 
opinion that the development of the urogenital sinus is definitely under 
the control of the gonads. 

A more tenable explanation than inadequate testicular development 
was offered by McCahey and is in keeping with what is known about the 
embryonic development of the gonad. The primordial gonad tissue is a 
testicle, and if ovary is to develop, it does so as a layer of cortical tissue 
which surrounds the original testicle and eventually replaces it. In a case 
such as the one just reported it is proposed that ovarian tissue was 
present at some time but was later replaced by testicular tissue expanding 
into the periphery. 

The solution to the problem in this case was fortunately a simple 
one, for there was little reason to consider the patient, from a clinical 
point of view, as anything but male. It might be argued that the deriva- 
tives of the millerian duct in no way interfered with his function as a 
male ; this would be true were it not for the concern now taken toward 
the fate of testicular tissue within the abdomen. Certainly the intra- 
abdominal testis could serve no useful function, and the patient was not 
dependent on it for his source of androgenic hormone. 

Since preparing the foregoing report, another case of a female pseudo- 
hermaphrodite has been brought to my attention through the courtesy 
of Dr. Dwight F. Clark, of Evanston, Ill. This is the twenty-eighth 
case of its kind in the literature. 


The patient was a 23 year old white woman, who was aware of having a penis 
since childhood. Her parents had been told she would “bleed to death” if surgical 
amputation were attempted. The child reconciled herself to her fate by shunning 
the company of other children, thinking she was “different” from other girls. She 
even went to the point of developing physical aptitude so that she could assist her 
father with the manual labor on the farm. When she became 14 years of age and 
had not commenced to menstruate, she became all the more convinced that she was 
“different” and denied herself ordinary social contacts. Slie graduated from high 
school with excellent grades and was treated by her classmates as a thoroughly 
feminine personality. 

When the patient was first brought to her physician, she was sullen and 
antagonistic, as though she were trapped and discovered against her will. After 
reassurance that she could be helped, she became more cooperative. The majority 
of her secondary sexual characteristics were feminine; however, she did have 
masculine breasts and a moderate increase of pubic hair over the abdomen. She 
had a feminine alto voice. Routine taking of the history and physical examination 
added nothing more, and detailed pelvic examination was done with the patient 
under anesthesia. 
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A fully developed penile structure 3% inches (8.9 cm.) in length was present, 
with a glans penis and a prepuce (fig. 8). A dimple was present at the tip of 


the glans, but there was no external urinary meatus. A hypospadic external urethral 
meatus was present in the midline between the frenulum of the glans and the 
anterior fourchet of a small vaginal introitus. Scrotal-like labial folds were present 











Fig. 8.—Photograph of the external genitalia of the 23 year old female pseudo- 
hermaphrodite. The 3% inch (8.9 cm.) penile structure does not contain a corpus 
cavernosum urethrae or a urethra. A rubber catheter has been inserted into the 
hypospadic external urinary meatus. A metal probe has been inserted into the 
vaginal introitus. 

















Fig. 9.—Photograph taken at the time of exploratory laparotomy. This revealed 
a rudimentary uterus 2 inches (5 cm.) long with a rudimentary right fallopian 
tube and a round ligament. No derivatives of the miillerian duct were present 
on the left side. No ovarian or testicular tissue could be demonstrated. 


on each side of the penis and became confluent at the level of the urinary meatus. 
The vagina was a tubular organ which accommodated the index finger for its full 
length and width. 
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Exploratory laparotomy was then carried out, and in the right adnexa 4 
rudimentary right half of the uterus about 2 inches (5 cm.) in length was 
identified (fig. 9). Extending to the right of it was a hypoplastic right fallopian 
tube about 3 inches (7.6 cm.) in length and attached to a broad ligament. The 
right round ligament became confluent with the intramural portion of the fallopian 
tube. No similar miillerian derivatives could be found for the left adnexa. More- 
over, no evidence of either ovarian or testicular tissue could be demonstrated jn 
the explored portions of the pelvis and the abdomen. 

For cosmetic reasons the penile structure was resected flush with the perineum, 
and the scrotal folds were removed (fig. 10). Histologic sections of the body of the 
penis revealed a corpus cavernosum penis but no corpus cavernosum urethrae or 
urethra. This implies that the amputated structure was really a hypertrophied 
clitoris rather than a true penis. 

The patient had an uneventful convalescence and on leaving the hospital was 
encouraged, happy and grateful. 











Fig. 10.—Photograph taken after amputation of the penile structure. Black silk 
drains emerge from either angle of incision. 


SUMMARY 


The thirty-second case of a male pseudohermaphrodite with miillerian 
derivatives is reported. The genital tract of this 18 year old male patient 
consisted of a normal penis, a prostate, a seminal vesicle, a scrotum, and 
a left testicle with its epididymis and a vas deferens. A well developed 
uterus with bilateral normal fallopian tubes and one broad ligament was 
present. Attached to the broad ligament was an intra-abdominal right 
testis and a right vas deferens and epididymis which did not com- 
municate with the right testis. 

The twenty-eighth case of a female pseudohermaphrodite is reported. 
The external genitalia of this 23 year old female patient consisted of a 
penis with a glans and a prepuce, scrotal-like labial folds, a hypospadic 
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external urethral meatus and a rudimentary vagina. The internal 
genitalia consisted solely of a rudimentary right half of the uterus, a 
right fallopian tube and a broad and a round ligament. Nothing was 
present in the left adnexa, and no gonadal tissue could be found on 


exploration. 

The numbers of reported cases of each of four types of hermaphro- 
dites are brought up to date. 

The advisability of intra-abdominal exploration of the hernial sac in 
cases of hernia associated with hermaphroditism, hypogonadism or 
cryptorchidism is emphasized because of the high incidence of inguinal 
hernias associated with such deformities. 


St. Francis Hospital. 





BLOOD PRESSURE CHANGES DURING SPINAL 
ANESTHESIA IN NONOPERATIVE CASES 


HARRY KOSTER, M.D. 
BROOKLYN 


The fall in blood pressure which all observers agree is commonly 
found accompanying spinal anesthesia has been ascribed in the main to 
two causes: (1) dilatation of the arterioles in the anesthetized area due 
to a block of vasoconstrictor fibers in the anesthetized roots'; (2) 
decreased cardiac output.” 


From the Crown Heights Hospital. 


1. (a) Bradshaw, H. H.: The Fall in Blood Pressure During Spinal Anes- 
thesia, Ann. Surg. 104:41, 1936, (b) Burch, J. C., and Harrison, T. R.: The 
Effect of Spinal Anesthesia on the Cardiac Output, Arch. Surg. 21:330 (Aug.) 
1930; (c) The Effect of Spinal Anesthesia on Arterial Tone, ibid. 22:1040 
(June) 1931. (d) CoTui: Spinal Anesthesia: The Experimental Basis of Some 
Prevailing Clinical Practices, ibid. 33:825 (Nov.) 1936. (e) Ferguson, L. K., 
and North, J. P.: Observations of Experimental Spinal Anesthesia, Surg., Gynec. 
& Obst. 54:621, 1932. (f) Heymans, C.; Bouckaert, J. J., and Bert, P.: Mécanisme 
du collapsus circulatoire. Influences des traumatismes et de la rachianesthésie sur 
les réflexes circulatoires sino-carotidiens, Compt. rend. Soc. de biol. 112:715, 1933. 
(g) Labat, G.: Regional Anesthesia, in Nelson Loose Leaf Surgery, New York, 
Thomas Nelson & Sons, 1931, vol. 1, pp. 533-569; Regional Anesthesia: Its 
Technic and Clinical Application, Philadelphia, W. B. Saunders Company, 1928, 
p. 525. (h) Maxson, L. H.: Spinal Anesthesia, Philadelphia, J. B. Lippincott 
Company, 1938. (i) Schilf, E., and Ziegner, H.: Das Wesen der Blutdrucksenkung 
bei der Lumbalanasthesie, Arch. f. klin. Chir. 180:352, 1924. (7) Seevers, M. H., 
and Waters, R. M.: Circulatory Changes During Spinal Anesthesia, California 
& West. Med. 35:169, 1931; (k) Respiratory and Circulatory Changes During 
Spinal Anesthesia, J. A. M. A. 99:961 (Sept. 17) 1932. (1) Smith, G. G., and 
Porter, W. T.: Spinal Anesthesia in the Cat, Am. J. Physiol. 38:108, 1915. 
(m) Steel, W. A.: Blood Pressure Maintenance in Spinal Anesthesia, J. A. M. A. 
84:79 (Jan. 10) 1925. 


2. (a) Gray, H. T.: A Study of Spinal Anesthesia in Children and Infants, 
Lancet 2:913 and 991, 1909. (b) Gray, H. T., and Parsons, L.: Blood Pressure 
Variations Associated with Lumbar Puncture, and the Induction of Spinal Anes- 
thesia, Quart. J. Med. 5:339, 1912. (c) Goldfarb, W.; Provisor, B., and Koster, 
H.: Circulation During Spinal Anesthesia, Arch. Surg. 39:429 (Sept.) 1939. 
(d) Smith, H. W.; Rovenstine, E. A.; Goldring, W.; Chasis, H., and Ranges, 
H. A.: The Effects of Spinal Anesthesia on the Circulation in Normal, Unoperated 
Man with Reference to the Autonomy of the Arterioles, and Especially Those of 
the Renal Circulation, J. Clin. Investigation 18:319-341, 1939. (e) Schuberth, 
O. O.: On the Distribution of the Circulation in Spinal Anesthesia, Acta chir. 
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The evidence in the literature for diminished vasoconstriction. is as 
follows : 

Burch and Harrison ** showed that spinal anesthesia increases the 
rate of flow of perfusion fluid through the femoral and brachial arteries 
of dogs. They showed also that compensatory vasoconstriction follow- 
ing hemorrhage by bleeding as shown by a marked diminution in the 
perfusion rate does not occur in the animals which receive spinal 
anesthesia, since in these animals the perfusion rate is unchanged or 
increased by hemorrhage. They concluded that 


in subjects under spinal anesthesia, the power of active vasoconstriction 
is, however, more or less completely absent because of the paralysis of the vaso- 
motor fibers. 


The observations by Herrick, Essex and Baldes * that lumbar sym- 
pathectomy produces a permanently increased blood flow in the femoral 
artery of normal dogs and that the increased arterial flow is larger than 
probably can be accounted for by dilatation of the vessels of the skin and 
the paw were evidence of vasodilatation not only in the vessels of the 
skin but also in the vessels of the skeletal muscles. 

Horton and Craig * presented roentgen evidence (after injection of 
metallic mercury through a cannula in the abdominal aorta) of vaso- 
dilatation in the arteriolar tree of the hind extremity of a dog denervated 
by lumbar sympathectomy. 


Bradshaw,™ using cats anesthetized with barbital sodium, showed a 
marked fall in blood pressure during spinal anesthesia and an absence 
of such a fall during spinal anesthesia in cats subjected to sympathectomy 
ten days previously. 

Shaw, Steele and Lamb *° found that the arteriovenous blood oxygen 
difference during spinal anesthesia is invariably increased because of 


Scandinav. (supp, 48) 78:1, 1936. (f) Polano, H.: Experimentelle Unter- 
suchungen tiber das Verhalten des Minutenvolumens des menschlichen Herzens bei 
Athernarkose, Lumbalanaesthesie und nach operativen Eingriffen, Deutsche Ztschr. 
f. Chir, 239:505, 1933. (g) Burch and Harrison.1» 

3. Herrick, J. F.; Essex, H. E., and Baldes, E. J.: Observations on the Blood 
Flow in the Femoral Artery in the Dog Eight to Thirty-Four Months Following 
Lumbar Sympathectomy, Proc. Staff Meet., Mayo Clin. 7:711, 1932; The Effect 
of Lumbar Sympathectomy on the Flow of Blood in the Femoral Artery of the 
Dog, Am. J. Physiol. 101:213, 1932. 

4. Horton, B. T., and Craig, W. M.: Evidence Shown in Roentgenograms of 
Changes in the Vascular Tree Following Experimental Sympathetic Ganglionec- 
tomy, Arch. Surg. 21:698 (Oct.) 1930. 


5. Shaw, J. L.; Steele, B. F., and Lamb, C. A.: Effect of Anesthesia on the 
Blood Oxygen: I. A Study of the Effect of Ether Anesthesia on the Oxygen in 
the Arterial and in the Venous Blood, Arch. Surg. 35:1 (July) 1937. 
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the fall of the oxygen content of the venous blood (during spinal 
anesthesia). Presupposing vasodilatation as the cause of the blood 
pressure fall which they also observed, they assumed in order to explain 
the increased arteriovenous oxygen difference that arteriolar dilatation 
causes the blood to stagnate in the anesthetized region. 

Freeman and associates,® using procaine hydrochloride locally to 
prevent pain, showed that in the sympathectomized dog the blood flow 
varies directly with the blood pressure, while in the normal dog with 
intact vasomotor system, wide variations in flow are encountered as the 
blood pressure is being reduced. In general as the pressure is reduced 
in both, the flow is greater in the sympathectomized animal. They noted 
also that normal dogs are able to tolerate a greater blood loss than 
sympathectomized dogs and that the former show less fall in blood 
pressure. This they attributed to the ability of the normal dogs to con- 
strict the arteriolar bed. 

The basis presented in the literature for the belief that hypotension 
is due to diminished cardiac output is as follows: 

Gray ** and Gray and Parsons *° concluded that the preliminary fall 
is due to an increased capacity of the veins, the capillaries and the arteries 
resulting from flaccidity of the abdominal and skeletal muscles and that 
the main fall results from thoracic paralysis and therefore loss of 
aspiratory action of the thorax and consequent diminished cardiac output. 

Burch and Harrison *” in 10 observations on 8 dogs reported a fall 
of cardiac output following spinal anesthesia. The average decrease in 
cardiac output was 23 per cent, and the average decrease in blood 
pressure in the same experiments was 44 per cent. They observed that 
the fall in blood pressure preceded that in cardiac output. 

Polano ** reported equivocal results after observations on 7 patients 
under spinal anesthesia, 5 showing no change in cardiac output and 2 
showing a decrease. In none of these cases was there any marked drop 
in blood pressure. 

Schuberth ** reported on the cardiac output in 14 subjects under 
spinal anesthesia. He found that in 4 the cardiac output increased. In 
2 of these the systolic pressure increased; in 1 it remained unchanged, 
and in the fourth it fell 25 mm., from 155 to 130. In the remaining 10 
subjects the cardiac output fell, the most marked reduction being asso- 
ciated with the greatest fall of pressure. 

Provisor, Goldfarb and I 7* found a consistent fall in the cardiac 
output of approximately 33 per cent by the gasometric method. 


6. Freeman, N. E.; Shaffer, S. A.; Schecter, A. E., and Holling, H. E.: The 
Effect of Total Sympathectomy on the Occurrence of Shock from Hemorrhage, 
J. Clin. Investigation 17:359, 1938. 
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Smith and associates ** reaffirmed the opinion of Gray and Gray and 
Parsons on the basis of blood pressure observations in 18 anesthetized 
patients not subjected to operation. They stated: 

The fact that the diastolic pressure may not fall at all, that it rarely falls 
below 60 mm., and that it invariably falls less than the systolic pressure, is directly 
opposed to the changes to be expected during arteriolar dilatation. 


The experience with spinal anesthesia on which the present study is 
based is far in excess of 20,000 cases. During the first 2,000 of these 
cases blood pressure records were kept carefully, and the impression was 
that it was impossible to predict with any degree of accuracy in any given 
case what would happen to the pressure after the injection. In some 
instances there was no appreciable change; in others there was a 
maximum fall of 8 or 10 mm. of mercury. In a fairly large number there 
was a drop of 20 to 30 mm. within ten minutes of the time of injection, 
and this fall was sustained for approximately three quarters of an hour, 
the return to normal immediately preceding the return of sensation. In 
some the pressure fell 50 to 75 mm. within ten minutes after anesthesia 
was induced and within another ten minutes would be back to within 
20 mm. of the normal. In a small number the pressure would drop 
within ten minutes to such a level that no regular pulse could be felt nor 
could the pressure be ascertained by the sphygmomanometer. In all of 
these cases there was generally a correspondence between the systolic 
and diastolic changes. It is true that all of these patients were 
anesthetized in preparation for operation and that a great many of the 
observations on blood pressure were made during the operation. But 
there were enough patients who were observed after anesthetization and 
while waiting for the surgeon to finish operating on another patient to 
suggest strongly that in the main operative precedure is not essential to 
the blood pressure drop noted during spinal anesthesia. However, it 
was deemed advisable to make a serious study of the blood pressure 
changes found after spinal anesthesia in human beings without the inter- 


fering factor of the operative procedure. 


The blood pressure in patients not subjected to operation was studied 
before and during spinal anesthesia under three sets of conditions. 


METHOD 


\n observer specially trained to read the blood pressure was assigned 1 case 
the operative schedule each morning. All observations before operation were 


nade in a small anteroom. The patients were studied in three groups. 


Group 1.—Sixty-five patients were studied for a control period of at least 
twenty minutes, systolic and diastolic blood pressure readings being taken every 
two minutes. Then 150 mg. of procaine hydrochloride dissolved in 4 cc. of 

rebrospinal fluid was injected into the subarachnoid space between the second 

third lumbar vertebrae. The anesthetic was given with the patient in the 





600 ARCHIVES OF SURGERY 


lateral prone position, and the patient was immediately placed in the dorsal 
and the table tilted to an 8 to 10 degree Trendelenburg angle. The an 

was induced in all patients in the same manner. Blood pressure readings 

minute intervals were immediately resumed and continued for another Period of 
at least twenty minutes. Subsequently the patients were operated on. 
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Chart 1—Examples of the type of blood pressure response to spinal anesthesi: 
observed in 65 patients not subjected to operation. When the systolic pressurt 
falls, there is a corresponding percentage fall in diastolic pressure. In this and it 
charts 2 and 3 the levels of anesthesia are denoted by labels of the cord levels 
which correspond to the involved dermatomes (7, thoracic: C. cervical: A 
anesthesia ). 


Group 2.—Control blood pressure levels were obtained in 4 patients. The lowe: 
extremities were then bandaged with elastic bandages from the toes to the groin 


te support and compress the venous return in the manner used in treating varicos' 
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position veins. New blood pressure base lines were then obtained; spinal anesthesia was 
lesthesia induced as in group 1; the patients were placed in an 8 to 10 degree Trendelenburg 
3 at two oosition, and the blood pressure studies were continued. 

€riod of 


Group 3.—Six patients were studied as in group 1, except that before the read- 
ings were begun and throughout the entire period they were kept in a 45 degree 
Trendelenburg position. 

RESULTS 

Group 1—Most patients show a fall in blood pressure during spinal 
anesthesia. A small number, however, do not. In those in whom hypo- 
tension develops there is no way of accurately predicting the degree of 
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Chart 2——Effect on the hypotension of spinal anesthesia of bandaging the lower 
\tremities in the attempt to prevent pooling in them. Bandaging does not inhibit 
the expected fall of blood pressure. 


iall. When the systolic pressure falls, there is a corresponding per- 
centage fall in the diastolic pressure and a fall in the pulse pressure. 
(he individual curves vary considerably. Chart 1 is a good example 
of the types of blood pressure response. After hypotension develops the 

? - i level of both systolic and diastolic pressures is not even but is fluctuating. 
hs of However, there is a striking tendency toward parallelism, even in the 
undulations, which suggests a dependence on the same causes. The 

degree of fall does not necessarily correspond with the level of anesthesia. 

he lowes This conclusion corroborates the findings of Bradshaw.’* It should be 


he groin noted here also that even the control levels are undulating and not flat. 
varicost 


1esthesia 
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The hypotension disappears as the anesthesia wears off, and i; 
cases this occurred after fifty and sixty minutes of anesthesia. While skin. 
the levels of anesthesia have been determined by the response to pinprick 
and have been denoted by labels of the cord levels which correspond 
to the involved dermatomes, attention must be called to the fact tha 
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Chart 3.—Effect on the hypotension of spinal anesthesia of a 45 degree Trei 
delenburg posture, which prevents venous pooling in the lower extremities an 
abdomen. The position does not inhibit the expected fall of blood pressure. 


there may be a marked difference between the reaction to a pinprick and 
to scalpel incision. On many occasions in the 20,000 odd experiences 
on which this study is based, patients were tested by pinprick on the 
abdomen after receiving a subarachnoid injection of 150 mg. of procainé 
hydrochloride and were considered adequately anesthetized for lapar- 
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otomy, yet they screamed with pain when the scalpel cut through the 
skin. However, all patients in this study still had enough anesthesia 
to permit performance of abdominal operations on them after the blood 
pressure study was completed. 

Group 2.—There was no significant difference in the blood pressure 
fall (chart 2). 

Group 3——There was no inhibition of the blood pressure fall. The 
hypotension was extreme in some cases (chart 3). 


COMMENT 


It has been shown that when there is a fall in systolic pressure during 
spinal anesthesia there is also a roughly corresponding percentage fall 


Calculated Percentage Fall of Systolic and Corresponding Diastolic Pressure 








Blood Pressure Blood Pressure Percentage Fall 
Before Anesthesia During Anesthesia During Anesthesia 
A... - ea A. - 


. PUI, —~ 
When Sys- Diastolic 

Systolic Diastolic tolie Fell to Was Systolic Diastolic 
120 80 90 62 25 2% 
140 90 108 70 2% 22 
140 90 120 90 ) 
140 80 105 50 25 38 
140 90 100 48 21 43 
135 oo 95 65 28 
120 85 90 60 25 30 
90 70 60 35 3 J 
120 90 90 70 
115 60 RS 5O 
120 65 100 nO 
140 80) 120 80 
120 80 90 60 
120 78 gS Ho 
150 100 90 6o 40 
140 100 110 70 y 30 
110 80 70 40 26 50 
140 R80 110 5O 2 37 


* Taken from points in eighteen graphs published by Smith, Rovenstine, Goldring, Chasis 
and Ranges. 


in diastolic pressure. Since diastolic pressure is a measure of peripheral 


arteriolar resistance, these observations were consistent with the theory 
that the hypotension of spinal anesthesia is due, in part at least, to 
arteriolar dilatation resulting from an interruption of vasopressor 
impulses in the anesthetic-bathed roots of the cord. 

The changes in pressure observed during spinal anesthesia were 
different from those claimed by Smith and associates, who found insig- 
nificant diastolic changes. This becomes more difficult to understand 
when their graphs are examined. In 16 of their 18 cases there was a 
definite fall in diastolic pressure. In more than half of their cases (cases 
+, 5, 7, 8, 11, 13, 14, 15, 16, 17 and 18), there were points at which the 
percentage fall of diastolic pressure was as great or greater than that of 
the systolic pressure. The table shows the actual change and the calcu- 
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lated percentage drop of systolic as against diastolic pressure 
corresponding points taken from their eighteen graphs. Statistica] 
analysis of the data in this table yields a probability value of 0.4839 
which means that there was no significant difference between the fall 
in systolic as against diastolic pressures in their cases. 


ot 
al 


If the fall in blood pressure during spinal anesthesia is due to venoys 
pooling in the deep veins of the lower extremities on failure to receive 
support from the now paralyzed skeletal muscles, as Smith and associates 
claimed, it should be possible to inhibit this pooling by the preliminary 
application of elastic bandages to the extremities to compress the veins 
in much the same way as elastic bandages are used to prevent pooling 
of blood in varicose veins. Figure 2 shows the results of such trials. 
and apparently the regularly expected fall cannot be so inhibited. 

Weiss, Wilkens and Haynes,’ studying the effect of small doses oj 
sodium nitrite in normal subjects, noted that there were no symptoms 
or only slight symptoms of circulatory changes with the subjects in the 
prone position but that if the subjects were tilted on the table to an angk 
of 75 degrees with the head up there were signs of progressive vasomotor 
collapse often terminating in syncope. <A return to the prone position 
was followed by immediate recovery of normal blood pressure. By 
varying the dose of sodium nitrite and the angle of tilting the body the 
duration as well as the degree of circulatory collapse could be regulated 
The authors pointed out that the fall in venous pressure and the resulting 
decreased return of venous blood to the heart in the upright positio 
must be due to a pooling of an appreciable amount of blood in the venous 
portion of the vascular bed. They found that sodium nitrite decreases 
the tone of the veins of the hand as indicated by the decrease in resistanc: 
of these vessels to graded pressure. If, therefore, instead of the subject 
being raised to the upright position he was tilted to the Trendelenburg 
position, venous stasis in the lower extremities and the abdomen could 
not occur because of gravity drainage toward the heart. This mechanism 
for the development of hypotension is similar to that conceived by Smith 
and associates to occur during spinal anesthesia, and it seems that the 
extreme Trendelenburg position should inhibit the development of the 
hypotension during spinal anesthesia also. The blood could no longer 
remain pooled in the supposedly unsupported and dilated veins in the 
paralyzed skeletal muscles or the dilated abdominal veins because gravit) 
would drain it out of them. And even if the aspiratory action of the 
thorax were abolished by the supposed thoracic paralysis described by 


7. Weiss, S.; Wilkens, R, W.,.and Haynes, F. W.: The Role of the Venous 
System in Circulatory Collapse Induced by Sodium Nitrite, J. Clin. Investigation 
16:85, 1937. 
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Gray and Parsons,” blood would not remain in dilated veins of the 
abdomen, because gravity would drain it into the thorax. 

Chart 3 shows the results of such trials in 6 cases, and it is evident 
not only that the fall in blood pressure was not inhibited but that maximal 
‘alls were obtained in some of these cases. In 2 instances in which the 
fall was so great that manometric readings were not obtainable, the 
venous pressure read by the direct method * was 10 and 11 cm. of blood, 
respectively. The anesthesia did not involve any higher levels than in 
the group of 44 cases, and in no instance was there paralysis of the 
muscles of the shoulder girdle, including the pectoral muscles, or of the 
arm. 

It seems from these experiments with 10 human beings that the 
hypotension of spinal anesthesia is not seriously dependent for its 
development on the pooling of blood in unsupported dilated veins lying 
in paralyzed skeletal muscles or within the abdomen. 


CONCLUSIONS 

There is approximately the same percentage drop in systolic and 
diastolic blood pressures during spinal anesthesia in patients not sub- 
jected to operation. This is in accord with what would be expected if 
decreased arteriolar constriction followed the induction of spinal 
anesthesia. 

The development of hypotension following the induction of spinal 
anesthesia in patients with the extremities supported by elastic bandages 
or in the extreme Trendelenburg position is evidence against veno- 
dilatation as the causative factor of the blood pressure fall. 

The decreased pulse pressure indicates a decrease in cardiac output. 
Decreased cardiac output is a factor but probably not the only one 
responsible for the hypotension of spinal anesthesia. 


40 Maple Street. 


8. Moritz, F., and von Tabora, D.: Ueber ein Methode beim Menschen den 
Druck in oberflachlichen Venen exakt zu bestimmen, Deutsches Arch. f. klin. Med. 
89:475, 1910. 





AFFERENT CONDUCTION FROM EXTREMITIFE 
THROUGH DORSAL ROOT FIBERS 
VIA SYMPATHETIC TRUNKS 


RELATION TO PAIN IN PARALYZED EXTREMITIES 


ALBERT KUNTZ, M.D., Pu.D. 
AND 
GENO SACCOMANNO, M.S. 


ST. LOUIS 


In an experimental anatomic investigation carried out on cats and 
dogs, Kuntz and Farnsworth’ demonstrated nerve fibers of spinal 
ganglion origin in the gray communicating rami which join the nerves 
which supply the upper and lower extremities. These fibers are afferent 
components of the spinal nerves through the ventral roots of which the 
preganglionic fibers involved in the sympathetic innervation of the 
extremities reach the sympathetic trunk ganglions. Those which traverse 
the gray communicating rami which join the nerves to the upper 
extremity, therefore, are afferent components of the upper thoracic 
nerves, probably including the first to the fifth. Those which traverse 
the gray communicating rami which join the nerves to the lower 
extremity are afferent components of the lower thoracic and first and 
second lumbar nerves. These afferent fibers, like the preganglionic 
sympathetic components of the same nerves, enter the sympathetic 
trunk via the corresponding white communicating rami. Those which 
traverse the gray communicating rami which join the nerves to the 
upper extremity ascend in the sympathetic trunk from the segments in 
which they join it to the levels at which the gray rami in question arise. 
Those which traverse the gray communicating rami which join the nerves 
to the lower extremity descend in the sympathetic trunk from the seg- 
ments in which they join it to the levels at which the gray rami which 
they enter respectively arise. 

The data advanced by Kuntz and Farnsworth indicate the occur- 
rence of afferent nerve fibers in the gray communicating rami only in 
relatively small numbers, but in sufficient numbers to be functionally 
significant. The peripheral distribution of these fibers in the extremities 


From the St. Louis University School of Medicine. 


1. Kuntz, A., and Farnsworth, D. I.: Distribution of Afferent Fibers via the 
Sympathetic Trunks and Gray Communicating Rami to the Brachial and Lumbo 
sacral Plexuses, J. Comp. Neurol. 53:389-399 (Dec.) 1931. 
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has not been determined. They probably terminate mainly in relation 
to the blood vessels. 

\ttempts to elicit pain in experimental animals by stimulation of 
receptors in an extremity which had been deprived of all afferent fibers 
of spinal ganglion origin except those which enter it via the sympathetic 
trunk and the communicating rami have yielded only negative results. 
The fibers in question obviously do not belong to the category of 
peripheral afferent c ynductors which normally conduct impulses of pain. 
[he present investigation has been undertaken to determine whether 
reflex or other recognizable responses can be elicited by appropriate 
stimulation of these fibers. This would prove their functional potency 
as afferent conductors. 

METHODS 

Cats were used as the experimental animals. The operative procedures were 
carried out with the animals under anesthesia induced with soluble pentobarbital. 
In one series, the spinal cord was transected between the levels of the roots of the 
second and third lumbar nerves or just caudal to this level. If the section occurred 
caudal to the third lumbar nerves, the roots of the latter were interrupted in 
order to prevent afferent conduction through them. The portion of the spinal cord 
caudal to the section was destroyed in order to prevent segmental and crossed reflexes 
through it. The sympathetic trunk was interrupted unilaterally below the second 
lumbar communicating rami by extirpation of several segments. In another series, 
the roots of the spinal nerves from the fourth cervical to the first or second thoracic 
inclusive were cut unilaterally within the vertebral canal in order to insure inter- 
ruption of all afferent fibers to the forelimb except those of the second or third 
and lower thoracic nerves which enter it via the sympathetic trunk and communi- 
cating rami. 

Various means of stimulation, particularly pressure and the faradic current, 
were applied to the lower extremities in the first series and to the upper extremity 
on the side on which the nerves had been interrupted in the second. Particular 
attention was given to reflex responses of the iris and the vibrissae on the upper 
lip. Most of the stimulation experiments were carried out one hour or longer 
after operation but while the animal remained under surgical anesthesia. In some 


instances they were repeated while the animal was in the waking state. 


RESULTS 
After the animals had recovered from the anesthesia, following 
transection of the spinal cord at the lumbar level indicated, the lower 
extremities were insensitive to the exteroceptive and proprioceptive 
stimuli ordinarily used in sensory tests. After section of the roots of 


the lower five cervical and the first thoracic nerves, the corresponding 


upper extremity also was insensitive to the same stimuli. The voluntary 
muscles of the upper extremity also were completely paralyzed. Stimu- 
lation of the distal segment of the ventral root of the second thoracic 
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nerve in the animals in which this nerve was interrupted elicited yo 


motor responses in the extremity. Postmortem examination revealed 
no direct fiber connections between the second and first thoracic nerves 
in any of the animals in which the experiments involved the upper 
extremity. 

After transection of the spinal cord between the levels of the roots 
of the second and third lumbar nerves, squeezing of the leg or the thigh, 
tightening of a tourniquet either below or above the knee or strong 
faradic stimulation over the femoral or the sciatic nerve on the side on 
which the sympathetic trunk remained intact frequently resulted in 
dilation of both pupils in some degree, particularly if they were some- 
what constricted at the beginning of stimulation. This response was 
elicited repeatedly in the same animals while they were under anesthesia 
and in some of them also while they were in the waking state. The 
width of the pupil usually was increased 1 to 2 mm. and in some instances 
over 2 mm. The same stimuli applied to the lower extremity on the 
side on which the sympathetic trunk was interrupted in the lumbar 
segments resulted in no change in the width of the pupils. 








Fig. 1—Photographs taken with a flash bulb camera at distance of 3 inches 
(7.6 cm.), with aperture of F 16, showing extent of dilation of the pupil in 
response to stimulation of the forelimb following section of both roots of the 
lower five cervical and the first thoracic spinal nerves. A, before stimulation 
B, during stimulation by means of tourniquet on arm (cat 7); C, before stimula- 
tion; D, during strong faradic stimulation of arm (cat 16). 


After section of the roots of the fourth cervical to the first thoracic 
nerve inclusive, squeezing the limb, tightening a tourniquet either below 
or above the elbow or strong faradic stimulation elicited greater dilation 
of the pupils than the same stimuli applied to the lower extremity 
following transection of the spinal cord between the second and third 
lumbar nerve roots (fig. 1). Faradic stimulation of the forelimb also 
elicited a reflex response in the upper lip, particularly on the contra- 
lateral side, characterized by sudden movements of the vibrissae. This 
reaction was observed repeatedly, but only in response to faradic 
stimulation. 


The same reflex responses were elicited by stimulation of the fore- 


limb in the animals in which the roots of the second thoracic nerve were 


divided in addition to those of the lower five cervical and the first 
thoracic, but less constantly. The reactions also were less marked. 
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During the stimulation experiments carried out while the animals 
were in the waking state, mild sensory reactions were observed in some 
instances. This occurred both during stimulation of the lower extremity 
jollowing transection of the spinal cord and during stimulation of the 
upper extremity following section of the roots of the lower five cervical 
and the first or first and second thoracic nerves. 


COM MENT 


The experimental results obtained in this investigation support the 
assumption that afferent nerve impulses of certain functional categories 
may be conducted into the spinal cord from an extremity deprived of 
all the afferent components of the nerves through which it receives 
its voluntary efferent innervation. Since it has been demonstrated 
anatomically that afferent components of the spinal nerves adjacent to 
those through which the extremity receives its voluntary innervation 
reach it via the sympathetic trunk and communicating rami, it seems 
most probable that the afferent conduction in question is accomplished 
through these fibers. The pupillary responses to stimulation of either 
a lower or an upper extremity with no other afferent fibers remaining 
functionally intact undoubtedly represent reflex reactions carried out 
through the spinal cord and the sympathetic innervation of the iris. 
The reflex movements of the vibrissae on the upper lip elicited by faradic 
stimulation of the upper extremity deprived of all its afferent innervation 
except the fibers of spinal ganglion origin which reach it via the sym- 
pathetic trunk and communicating rami from segments lower than the 
first or second thoracic also are carried out through the spinal cord and 
efferent conduction pathways to the lip. The latter undoubtedly involve 
efferent components of the facial nerve, since the reaction includes con- 
traction of muscles of the lip and is not abolished by section of the 
cervical sympathetic trunk on the corresponding side. It is not incon- 
ceivable that stimulation of the afferent fibers in question, under the 
conditions of our experiments, might elicit reflex responses through 
somatic motor fibers, but no unmistakable evidence of such responses 
has been obtained. 

It is conceivable that sympathin liberated as a result of stimulation 
of the sympathetic fibers in the extremity might have played a role in 
the reactions of the iris described. This is precluded in the experiments 
in which stimulation was effected by tightening a tourniquet on the 
limb, since circulation in the distal part of the limb was arrested for 
the duration of the stimulation. The responses of the iris and the 


vibrissae as well as the mild sensory reactions observed in the experi- 
ments carried out while the animals were in the waking state can be 
explained most satisfactorily on the assumption that afferent impulses 
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actually were conducted from the extremities into the spinal cord 
Upward conduction in the spinal cord probably was accomplished 
through the fasciculus proprius system. It obviously involved crossed 
as well as uncrossed pathways, since the pupillary responses to unilateral 
stimulation were bilateral and the reactions of the vibrissae were mos 
marked on the contralateral side. 

Certain reported clinical observations have a significant bearing on 
the problem of afferent conduction from the extremities via the sym 
pathetic trunks. Slaughter * reported the case of a man 31 years of ag 
with complete transection of the spinal cord at the level of the firs; 

Groy Communicating rami .. a } atterent Conductors 
to cervical nerves - <<) “ 


Cervical N. Vill 


inf, Cardioc nerve. <--> 


Cervicothoracic 


- 


(stetiate) we 
Thoracic N. I- or pS 


a rw 
‘ YA 
Communicating rami” 








ay 











Thoracic N. V-7 
Sympothetic trunk-* 
Fig. 2.—Diagram illustrating the probable anatomic relations of afferent com- 
ponents of the thoracic nerves below the second in man which reach the upper 
extremity via the sympathetic trunk and communicating rami. 


lumbar vertebra. The lower extremities were completely paralyzed and 
insensitive to the usual exteroceptive and proprioceptive stimuli. This 
patient suffered severe burning, prickling pains in the legs, which sub- 
sided following bilateral extirpation of the lumbar segments of th 
sympathetic trunk and section of the hypogastric nerves. Since the 
pain in the legs was relieved by sympathectomy, Slaughter assumed 
that the impulses in question were conducted into the spinal cord via 
the sympathetic trunks. He further postulated conduction in short 


? 


2. Slaughter, R. F.: Relief of Causalgic-Like Pain in Isolated Extremity by 
Sympathectomy: Case Report, J. M. A. Georgia 27:253-256 (July) 1938. 
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relays the sympathetic trunk. Hyndman and Wolkin* reported 

pas with paralysis of both lower extremities and complete anesthesia 
to all tests for exteroceptive and proprioceptive sensibility up to the 
niddle level of the thigh, caused by fracture of the second lumbar 
ertebra, in which certain varieties of sensation referable to the feet 
ould be elicited by appropriate stimulation. Patency of the sympathetic 
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ic trunk 


gree components 
hs firgt and second 
, nerves 
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Fig. 3—Diagram illustrating the probable anatomic relations of afferent com- 
nents of the first and second lumbar nerves in man which reach the lower 
extremity via the sympathetic trunk and communicating rami. 


imervation of the lower extremities in these patients was demonstrated 
thermoregulatory and sweating tests. One of these patients, a man 


0) years of age, stated that while lying quietly he could feel pulsations 


3. Hyndman, O. R., and Wolkin, J.: The Sympathetic Nervous System: 
Influence on Sensibility to Heat and Cold and Certain Types of Pain, Arch. Neurol. 
& Psychiat. 46:1006-1016 (Dec.) 1941. 
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in his feet which were synchronous with his cardiac rhythm. Inflation 
of a blood pressure cuff, placed just above the knee, sufficient to collapse 
the arteries resulted in marked tingling in the foot. The other patient. 
a man 28 years of age, experienced a tingling sensation and aching jn 
the foot twenty seconds after it was immersed in ice water. In an 
attempt to explain these phenomena, Hyndman and Wolkin postulated 
the existence of afferent sympathetic fibers or antidromic conduction in 
efferent sympathetic fibers. 

In view of the anatomic demonstration that afferent components of 
spinal nerves other than the ones through which the extremity receives 
its voluntary innervation enter it via the sympathetic trunk and com- 
municating rami and the experimental data reported in the present 
paper, sensory phenomena in patients with paralyzed lower extremities 
due to spinal cord injury, such as those reported in the patients alread) 
referred to, probably can be explained most satisfactorily on the assump- 
tion that the afferent impulses are conducted into the spinal cord through 
afferent spinal nerve components which traverse the sympathetic trunk 
and communicating rami. The probable anatomic relations of these 
peripheral afferent conductors in man are illustrated diagrammatically 
in figure 2 for the upper extremity and figure 3 for the lower extremity. 
These clinical observations also afford additional evidence of the func- 
tional significance of the afferent fibers which reach the extremities via 
the sympathetic trunks and support the assumption that they are related 
mainly to the blood vessels. 


SUMMARY 


Stimulation of a lower extremity by means of pressure, tightening 


of a tourniquet below or above the knee or a strong faradic current in 


cats with the spinal cord transected between the levels of the roots oi 
the second and third lumbar nerves elicited reflex dilation of both pupils 
This reaction was abolished by interruption of the sympathetic trunk 
below the second lumbar segment. 

The same stimuli applied to the forelimb in cats with the roots of 
the lower five cervical and the first or the first and second thoracic nerves 
cut elicited reflex dilation of both pupils and movements of the vibrissae 
on the upper lip on the contralateral side. 

These reactions produced experimentally are regarded as evidence 
of conduction from the extremities into the spinal cord through afferent 
components of spinal nerves, other than those through which the 
extremities receive their voluntary innervation, which traverse the sym- 
pathetic trunks and communicating rami. The significance of afferent 
conduction through these fibers in certain clinical cases is suggested. 
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CARCINOID TUMOR OF THE APPENDIX 


REPORT OF A CASE IN WHICH EXTENSIVE INTRA-ABDOMINAL 
METASTASES OCCURRED, INCLUDING INVOLVEMENT 
OF THE RIGHT OVARY 


RICHARD A. HOPPING, M.D. 


Fellow in Proctology, the Mayo Foundation 


MALCOLM B. DOCKERTY, M.D. 


AND 
JAMES C. MASSON, M.D. 


ROCHESTER, MINN, 


Review of the literature reveals that whereas carcinoid tumors of 
the stomach, the small intestine and the colon frequently are classed as 
being malignant, tumors of an exactly similar nature occurring in the 


appendix are regarded as being essentially benign. However, recorded 


instances of no less than 16 metastasizing appendical carcinoids bear 
witness to the fact that these seemingly innocent neoplasms are capable 
of widespread dissemination (table). In presenting the following report, 
we wish to call attention to the manifest malignancy exhibited by the 
tumor. In addition, the extensive metastatic involvement of the right 
ovary represents a complication not demonstrated by any other case 


which we could verify in the literature. 


REPORT OF CASE 

Clinical Aspects—A married white woman 47 years old registered at the Mayo 
Clinic on Feb. 18, 1942, complaining of weakness, hematuria and pain in the back 
of five years’ duration. 

The familial history was essentially irrelevant. The patient had been married 
twice and had had one child by each husband. Previously, she had had scarlet 
fever, typhoid fever and malaria as a child, influenza at the age of 22 years and 
streptococcic sore throat of recent date. Previous operations included exploratory 
laparotomy performed when she was 26 years old and right nephrectomy for tumor 

1936, during the period of her last postpartal convalescence. 

Her complaint at the time we saw her was backache in the low lumbar region 

i five years’ duration. The pain was never severe but was more or less constant 
and dragging in character without extension. It was relieved by rest and exag- 
gerated by activity. Stiffness had not been noted. Hematuria had been a sign 

r a short time prior to the operation of nephrectomy previously mentioned. The 


From the Division of Surgical Pathology and the Division of Surgery, the 
Mayo Clinic. 
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sign had persisted intermittently since that time with mild attacks lasting 
a week, usually accompanied by moderate frequency of urination. 
had occurred in August 1941. 


ibout 
The last attack 


In the year prior to her registration at the clinic, the patient had experienced 
undue weakness and a sense of fatigue. Her appetite, however, had remained 
good; the passage of stools had been regular, and there had been no noticeable 
loss of weight. 

Physical examination revealed a fairly well nourished adult white woman who 
did not appear to be seriously ill. The skin was dry, and the mucous membranes 
were somewhat pale. Some assymetry was noted in the neck; the right side was 
larger than the left. This did not appear to be the result of lymphadenopathy 
Results of examination of the heart, the lungs and the extremities were negative 

The essential positive observations were limited to the lower part of the 
abdomen, in which palpation revealed a sense of resistance, especially on the right 
side, where tenderness was elicited on pressure. There was questionable dulness 
to percussion below the umbilicus. Bimanual pelvic and abdominal examinatio: 


disclosed a tender mass in the right adnexal region. This mass was not freely 


movable and could not be separated from the body of the uterus, which wit 
the cervix was displaced to the left. Rectal examination disclosed no _ intrinsi 
disease but confirmed the presence of a semifixed tumor in the pelvis. 

Cystoscopic examination revealed granular urethritis and cystitis of moderat 
degree. Pyuria and bacilluria were present. Retrograde urograms revealed an 
essentially normal left kidney and ureter. Filling of the right ureteral stump was 
however, incomplete with a filling defect which suggested pressure from without 
by an invasive mass. 

Results of laboratory and other examinations were essentially negative, except 
for pyuria and bacilluria, as previously noted. 

Surgical Aspects—With the provisional diagnosis of malignant ovarian tumor 
laparotomy was performed on Feb. 19, 1942, through a low midline incision. The 
appendix was adherent over the right brim of the pelvis and was the seat of a 
yellowish tumor approximately 3 cm. in diameter. There was also a malignant 
solid tumor of the right ovary which was extensively adherent to surrounding 
structures. The right iliac lymph nodes seemed to be grossly involved. There 
were, in addition, a lemon-sized cyst of the left ovary and multiple fibroids of 
the uterus. The operation was completed with dissection’and removal of the right 
fallopian tube and ovary and the appendix. The left ovarian cyst was enucleated 
It did not seem advisable to remove the chain of iliac lymph nodes because oi 
the danger of tearing into the large iliac vessels to which they were densely 
adherent. Biopsy of one of these nodes was made for the sake of completing ow 
pathologic diagnosis. 

The patient had a comfortable convalescence and returned home on the twenty 
third postoperative day after receiving a course of roentgen therapy. 

Pathologic Aspects—The pathologic material consisted of a specimen taken for 
biopsy from the pelvic peritoneum, the appendix, the right ovarian solid tumor, 
the left ovarian cyst and a fragment of tissue from a right iliac lymph node. 

The appendix was 8 cm. long and was constricted in its proximal half. The 
distal half was bulbous and almost completely replaced by a yellowish tumor 
nodule 4 by 3 by 2 cm. On section, the muscularis propria was seen to be 
stretched out to form a thin capsule for the nodule. This capsule appeared to be 
invaded and was incomplete over half its surface, where the tissue was roughened 
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sult of surgical separation, the involved part corresponding to the area from 
vhich the tissue was removed. 

The right ovarian tumor was a firm, yellowish brown, poorly encapsulated 
mass 10 cm. in diameter with many roughened adhesions externally visible. An 
adherent right fallopian tube, obviously involved in the neoplastic process, was 
stretched out over the surface of the ovarian mass. Surfaces made by section 
through the tubo-ovarian nodule revealed that it was solid throughout, rather 
fibrous in texture and of an unusual brownish yellow color. The appearance was 


wholly unlike that of any ovarian neoplasm we had ever examined, and the sug- 


gestion that it might represent a metastatic carcinoid was entertained on the basis 
of gross examination. 

The left ovarian cyst was 4 cm. in diameter and had the gross appearance of 
. dermoid cyst. It was filled with hair and sebaceous material but lacked a true 
dermoid process. 

Tissue from the right iliac node was firm in texture and yellowish in color. 
Briefly, it appeared grossly to be metastatically involved (fig. 1). 

Representative blocks of tissue were taken from the individual lesions and fixed 
na 10 per cent solution of formaldehyde. These were later sectioned by the freezing 
method, calculated to secure a minimum of cellular distortion, and were stained 
routinely with hematoxylin and eosin. 

Microscopic sections from the appendical tumor revealed the typical picture of 
ircinoid. Under the low power objective, the distinctive grouping was seen with 
, disposition in the form of cellular plugs or cylinders (fig. 2a). Here and there 
an alveolar arrangement was observed (fig. 2b), and in some areas anastomosing 
strands of tumor cells were noted. In between these compact units of structure 
were bands of fibrous tissue, varying considerably in width and in density. Some- 
times the approximation of the stroma and the masses of tumor cells was intimate 
(fig. 3a); in other fields clear spaces appeared to separate the two elements (fig. 
4h). Glands and stroma stained rather intensely with eosin. In some of the sections, 
remnants of the appendical lumen appeared with a few intact glands of Lieberktihn 
(fig.2a). These glands were surrounded and in places infiltrated by masses of neo- 
plastic cells. An occasional Kultschitzky cell was identified, but because of the 
advanced stage of the neoplastic process, transition zones between these cells and the 
tumorous elements could not be satisfactorily traced. 

Under the high power objective, sections from the tumor, although cellular, 
appeared to consist of cells that were small and remarkably constant in size. 
Cytoplasm was scanty in amount and was filled with small argentaffin granules 
(fig. 3b) which stained intensely with eosin. Some of these granules stained 
positively for lipoid (fig. 4a). Cytoplasmic borders were somewhat indistinct. 
Nuclei were small, round and hyperchromatic, with only an occasional mitotic 
figure. The position of the nucleus in relation to the cytoplasm varied with 
the location of the cell. Toward the center of the aforementioned islands, the 
nuclei occupied central positions. At the periphery of these same islands, the 
nuclei appeared to be ranged in palisades away from the bases of the cells, which 
vere here directed toward the supporting capsules provided by the fibrous tissue 
septums (fig. 3a). In these palisaded rows of cells, the cytoplasmic granules were 
most densely concentrated basally, so that each island appeared to be surrounded 
by a red granular rim (fig. 3a). In trabeculated and alveolar areas, again, this 
general structure was preserved, the granules in the peripheral rows of cells being 





Unit A AP 


Fig. 1—Appendical carcinoid (indicated by arrow) with extensive metastasis 
to the right ovary and two smaller metastatic nodules from the pelvis. Left 
ovarian dermoid is apparent. The small shiny object at the base of the arrow is 
a phlebolith from one of the pelvic veins. 








Fig. 2—(a) Photomicrograph of carcinoid of the appendix showing character- 


istic disposition of small tumor cells in the form of plugs or cylinders and invasion 
of the crypts of Lieberkiihn (hematoxylin-eosin stain; « 130); (b) photomicro- 
graph of carcinoid of the appendix; in this field the tumor cells are differentiating 
into well formed glandular spaces (hematoxylin-eosin stain; x 160). 
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Fig. 3—(a) Photomicrograph of carcinoid of the appendix: the section, made 
through the periphery of an island, shows peripheral palisading of tumor cells and 
rimming of cytoplasmic (dark) granules (hematoxylin-eosin stain; x 350); (b) 
photomicrograph of carcinoid of the appendix showing the argentaffin granules in 
the cytoplasm of the cells (silver impregnation; x 800). 
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Fig. 4—(a) Photomicrograph of carcinoid of the appendix; the dark granules 
represent lipoid (sudan III stain; «x 225); (b) photomicrograph of right ovarian 
metastasis showing multiple plugs of tumor cells; the largest plug is separated 
irom the fibrous stroma by a clear space (hematoxylin-eosin stain; x 130). 
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concentrated in the zone adjacent to the basement membrane. Where an alveolar 


pattern was present, the nuclei, again in palisades, were approximated toward the 
cystic lumens, with the granular cytoplasm condensed peripherally. 

Cytologically, the cellular uniformity, relative lack of mitosis and differentiation 
into glandlike structures were typical of lesions of grade 1 of Broders’ classification, 
(This lesion was a widely metastasizing carcinoid, and yet the microscopic pictures 
noted in the foregoing paragraphs could be transposed verbatim to describe most 
of the sotcalled benign examples. ) 

Microscopic sections taken from the right ovary and the iliac lymph node (figs 
4b and 5a) presented pictures in most details exactly similar to those described 


for the appendical lesion. They are illustrated in the photomicrographs. Sections 

















Fig. 5—(a) Photomicrograph of iliac nodal metastasis; tumor cells are her« 
arranged in strands, islands and pseudoacini, and the stroma is fibrous (hema 
toxylin-eosin stain; x 60); (b) photomicrograph of left ovarian dermoid, showing 
skin, sebaceous and apocrine glands (hematoxylin-eosin stain; x 130). 


made from the wall of the left ovarian cyst were typical of dermoid, with a pr¢ 
ponderance of ectodermal structures (fig. 5b). 


COM MENT 


Historical Data.—Although Oberndorfer * in 1907 first applied the 
term “carcinoid” to certain unusual yellowish tumors of the appendix, 


they had already been known for about twenty years. The neoplasm 


1. Oberndorfer, S.: Karzinoide Tumoren des Diinndarmes, Frankfurt. Ztschr 
f. Path. 1:426-432, 1907. 
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probably was first described by Lubarsch* in 1888. Two years later 
Ransom * described a malignant tumor of the ileum which is now 
recognized as having been carcinoid. In 1909, Burckhardt * classified 
carcinoids as low grade malignant tumors. Reports appeared sporadically 
in the literature for the next ten years. In the 1920's, the number of 
articles written on this subject suddenly began to increase, especially 
in the European literature, and Masson,’ Hasegawa ® and others added 
valuable contributions. In the past few years interest has again become 
aroused, and with the papers published by Jones,’ Gnassi,* Wyatt,‘ 
\riel,'° Porter and Whelan,** Horsley ** and many another writer, the 
fund of knowledge concerning the lesion has been notably augmented. 


Incidence—In 1939, Porter and Whelan reported a series of 8&4 
carcinoids. They found the tumor in 0.28 per cent of surgically removed 


appendixes. They stated that carcinoids were twice as common in the 
appendix as in the small bowel and that elsewhere in the gastrointestinal 
tract they were found (in a decreasing order of frequency) in the 
stomach, the gallbladder, the duodenum, Meckel’s diverticulum (if 
present ), the cecum and the colon. In 1938, Gnassi reported 5 carcinoids 
of the appendix in 4,224 surgical specimens. In 1936, Jones described 
6 carcinoids of the appendix; all were located in the distal portion of 
the appendix, and none had metastasized. He expressed the opinion that 

2. Lubarsch, O.: Ueber der primaren Krebs des [leum nebst Bemerkungen 
iiber das gleichzeitige Vorkommen von Krebs und Tuberculose, Virchows Arch. f. 
path. Anat. 111:280-317, 1888. 

3. Ransom, W. B.: A Case of Primary Carcinoma of the Ileum, Lancet 2: 
1020-1023 (Nov. 15) 1890. 

4. Burckhardt, J. L.: Zur Lehre der kleinen Diinndarmkarzinome, Frankfurt. 
Ztschr. f. Path. 3:593-637, 1909. 

5. Masson, P.: Carcinoids (Argentaffin-Cell Tumors) and Nerve Hyperplasia 
of the Appendicular Mucosa, Am. J. Path. 4:181-212 (May) 1928. 

6. Hasegawa, T.: Ueber die Carcinoide des Wurmfortsatzes und des 
Diinndarmes, Virchows Arch. f. path. Anat. 244:8-37, 1923. 

7. Jones, C. B.: Argentaffin Cell Tumors: “Carcinoids” of Small Intestine 
and Appendix, Am. J. Surg. 34:294-299 (Nov.) 1936. 

8. Gnassi, A. M.: Chromargentafin Tumors of the Appendix, Am. J. Surg 
40:470-474 (May) 1938. 

9. Wyatt, T. E.: Argentaffine Tumors of the Gastro-Intestinal Tract: Report 
ot Three Cases, One with Distant Metastasis, Ann. Surg. 107:260-269 (Feb.) 
1938. 

10. Ariel, I. M.: Argentaffin (Carcinoid) Tumors of the Small Intestine: 
Report of Eleven Cases and Review of the Literature, Arch. Path. 27:25-52 (Jan.) 
1939, 

11. Porter, J. E., and Whelan, C. S.: Argentaffine Tumors: Report of Eighty- 
our Cases, Three with Metastasis, Am. J. Cancer 36:343-358 (July) 1939. 

12. Horsley, J. S.: Cancer of Small and of Large Intestine, Southwestern Med. 
24: 319-324 (Oct.) 1940. 
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they occurred five times as commonly in the appendix as in the small 
bowel, where according to the literature, 30 per cent were multiple. 
In 1940, Schuldt'* reported that ordinary adenocarcinoma of the 
appendix had an incidence of 0.027 per cent, as compared to an incidence 
of 0.216 per cent for carcinoid of the appendix. We have found it to be a 
fairly common tumor, occurring once in about every 200 surgically 
removed appendixes—an incidence of 0.5 per cent. In 50 per cent of 
the cases, the tip of the appendix was the site of origin. Most common 
in the appendix, carcinoids were found in decreasing order of frequency 
in the ileum, the cecum, the jejunum, the colon and the stomach. 

Factors of Age and Sex.—Carcinoids of the appendix are found 
among patients of various ages, including those in childhood to those 
in senility. Hasegawa in 1923 stated his belief that they probably began in 
youth and grew slowly. Jones found carcinoids most frequently among 
young adult persons less than the age of 35 years. Porter and Whelan 
observed that carcinoids of the appendix were encountered more fre- 
quently among persons in the third decade, whereas carcinoids of the 
small bowel were discovered later, usually among persons in the fourth 
or the fifth decade. No predilection according to sex has been noted in 
connection with these tumors. 


Origim.—All three germ layers have been variously considered to be 
the source of the tumor cells or their antecedents. Probably most widely 
accepted now is the concept of entodermal origin. Hasegawa and 
Masson maintained that they arise from Kultschitzky’s cells, which occur 
in the bases of some of the glandular crypts of Lieberkiihn. According to 
Masson, these are argentaffin cells, since they reduce ammoniacal silver 
salts. They are found in all situations, ranging from the cardioesophageal 
junction to the rectum, and appear to be increased in number as a result 
of chronic inflammatory processes. This is particularly true in the 
appendix and in the ileum, where the incidence of origin of carcinoid 
tumors is highest. 

In 1929, Forbus ** maintained that carcinoids are endocrine tumors, 
and he regarded them as being distinct from carcinomas. Wyatt, in 
1938, and also Gnassi, agreed with this theory. We agree with those 
who believe that carcinoid tumors are of glandular origin and that they 
are possibly derived from the argentaffin cells of the intestine. 


Malignancy.—The question of the malignancy of these tumors has 
been argued pro and con for almost forty years. In 1907, Oberndorfer 


13. Schuldt, F. C.: Primary Adenocarcinoma of the Appendix and Carcinoid 
Tumors, Minnesota Med. 23:791-795 (Nov.) 1940. 

14. Forbus, W. D.: Argentaffine Tumors of the Appendix and Small Intestine, 
Bull. Johns Hopkins Hosp. 37:130-153 (Aug.) 1925. 
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expressed his opinion that they are probably benign. In 1909, Burck- 
hardt stated his belief that proliferation of the cells of this tumor was 
slow but that metastasis was only a question of time. Morl** suggested 
in 1931 that metastasis from appendical carcinoids was rare because the 
tumors generally produced symptoms early and were removed before 
metastasis had a chance to occur. In various reports, the incidence of 
invasion and metastasis in carcinoids of the small bowel is set at 20 to 25 





Cases of Metastasizing Appendical Carcinoid Reported in the Literature to 1942 





Author Year Site of Metastasis 
1939 Mesoappendix 


Barth, H.: Virehows Arch. é 4 1929 1. Ovary (?) * 
Anat, 273 : 68-81, 1929 2. Regional nodes 


Cabot case 22511, New England J. Med. 1936 Retroperitoneal nodes 
215 : 1176-1178, 1936 


Gubitz, W.: Virehows Arch. f. path. 1923 Liver and pleura 
Anat. 242 3 265-274, 1923 


Hasegawa ® 1923 Regional nodes and liver 
King, E. 8S. J.: J. Coll. Surgeons, Aus- 1930 Lleocecal nodes 

tralasia 2+ 364-384, 1930 
Knoflach, J. G.: Zentralbl. f. Ohir. 57: 1930 Mesentery 

1714-1718, 1930 


Lewis, D., and Geschickter, C. F.: Arch. 1934 Regional nodes and liver 
Surg. 28: 16-58 (Jan.) 1934 


Mor] 25 1931 Mesentery, omentum and pleura 
Oberndorfer 1 1907 Regional nodes 


Phillips, E. W. M. H., and Isaak, D. H.: 1930 Omentum 
Brit. M. J. 1 3 1127-1128, 1930 


Porter and Whelan ?4 1939 (?) Peritoneum, mesentery, nodes, vertebrae, 
periadrenal fat; in this case there were 
coexisting carcinoids of the ileum and 
the appendix (the former was considered 
to be the source of the metastasis by 
the authors) 


Raiford 16 1933 Cecum and ileum 


von Rehren, W.: Zentralbl. f. allg. Path. 1925 Mesentery, peritoneum, liver and diaphragm 
u. path. Anat. 36 ¢ 355-357, 1925 


Steward, M. J., and Taylor, A. L.: J. 1926 Pelvis 
Path. & Bact. 29 : 136-139, 1926 


Vance, ©. A.: Am. J. Surg. 243 854-862, 1934 Mesoappendix 
1934 


* On the basis of the author’s photomicrographs, the tumor appears to have been an 
ovarian dysgerminoma with metastasis to the appendix. 


per cent of the cases. When they occur in the stomach and the large 
intestine, almost all these tumors are deemed malignant. Clinically, the 
highest percentage of malignancy of carcinoids of the appendix was 
reported by Raiford,’® his figure being 5.9 per cent. Pathologically, 
serosal involvement is frequently observed, but metastasis is rare. When 


5. Morl, F.: Ueber die Karzinoide des Wurmfortsatzes und des Diinndarmes, 
seitr. z. klin. Chir. 153:71-86, 1931. 

16. Raiford, T. S.: Carcinoid Tumors of the Gastro-Intestinal Tract: (So-Called 
\rgentaffine Tumors), Am. J. Cancer 18:803-833 (Aug.) 1933. 
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it does occur, it is usually local in the mesenteric fat, in the reg; 
lymph nodes and, more rarely, in the liver. The table is a list 
metastasizing carcinoids recorded in the literature. 


mal 


Oo} 


CONCLUSIONS 


A case of metastasizing appendical carcinoma is recorded. 


It has 
been our constant observation that carcinoids, regardless of size, point of 


origin or presence or absence of metastasis, possess essentially the sam« 
microscopic features of cytologic differentiation and histologic structure 
()rigin from and differentiation into glandlike structures have been noted 
frequently. We therefore share with many the belief that all these tumors 
are adenocarcinoma of grade 1 malignancy (Broders). We do not, how 
ever, believe it would be wise to discard the designation “carcinoid” fo. 
this type of tumor. The diagnosis grade 1 adenocarcinoma (carcinoid) 
appears to be accurate, to designate a specific entity and to separate this 
entity from the ordinary type of adenocarcinoma, which is accompanied 
by a somewhat worse prognosis. 


The Mayo Clinic. 
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EXOPHTHALMIC GOITER OF THE JUVENILE 
TYPE 
\ SURVEY OF THE LITERATURE ON THE FAMILIAL ASPECTS OF THIS 
DISEASE AND A REPORT OF TWO ADDITIONAL CASES 


RALPH R. MOOLTEN, M.D.* 
\ssociate Clinical Professor of Surgery and Associate Attending Surgeon 
AND 
MAURICE BRUGER, M.D. 
\ssociate Clinical Professor of Medicine and Assistant Attending Physician 
NEW YORK 


The occurrence of exophthalmic goiter in children is rather uncom- 
mon. In 1909, Sattler? reported 3,477 cases of exophthalmic goiter, 
in 184, or 5.3 per cent, of which the patients were children under 16 
years of age. In 1933, Bram* summarized 13,000 cases of thyroid 
disease, in 102, or 0.8 per cent, of which the patients were children 
with exophthalmic goiter under the age of 11 years. Of 5,000 patients 
with exophthalmic goiter reported by Bram * in 1937, 128, or 2.5 per 
cent, were children under 12 years of age. In 1937, Crile* found 
only 4 patients with hyperthyroidism (0.02 per cent) under 5 years of 
age in a series of 26,682 patients with thyroid disease. 

The causative agent responsible for exophthalmic goiter is not 
known. The part played by familial factors has been stressed by many 
authors. In 1868, Mackenzie*® found this disorder in 2 sisters and 
in 2 children of 1 of these. Chapu*® quoted Savage,’ who discussed 

* Lieutenant Commander, Medical Corps, United States Naval Reserve, on 
active duty. 

From the departments of surgery and medicine, New York Post-Graduate 
Medical School and Hospital, Columbia University. 

1. Sattler, H.: Die Basedow’sche Krankheit im Kindesalter, in Graefe, A., 
and Saemisch, E. T.: Handbuch der gesamten Augenheilkunde, ed. 2, Leipzig, 
Wilhelm Engelmann, 1909, vol. 9, pt. 2, p. 615. 

2. Bram, I.: Exophthalmic Goiter in Children of Ten and Under: One 
Hundred and Two Cases, Pennsylvania M. J. 37:45, 1933. 

3. Bram, I.: Exophthalmic Goiter in Children, Arch. Pediat. 54:419, 1937. 

4. Crile, G., and Crile, G., Jr.: Hyperthyroidism in Children Under Five Years 

\ge, Am. J. Surg. 37:389, 1937. 

5. Mackenzie, M.: Three Cases of Exophthalmic Goitre, Tr. Clin. Soc. 
London 1:9, 1868. 


6. Chapu, A.: De la descendance des Basedowiennes, Thesis,- Paris, no. 407, 
1910. 


7. Savage, G.: Exophthalmic Goitre with Mental Disorders, Guy’s Hosp. Rep. 
26:31, 1883. 
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the familial aspects of hyperthyroidism as early as 1883. In iggy 
Cantilena* reported on a family consisting of a mother, a son, 
daughter and 2 children of the latter; all had exophthalmic goiter. [y 
the same year, Oesterreicher ® described the case of a woman with 
hyperthyroidism who gave birth to 10 children, of whom 8 (boys and 
girls) had exophthalmic goiter; 1 daughter had 4 children, of whom 
3 showed the stigma of this disorder. In 1890, Mackenzie *® reported 
on a family in which 8 of 10 sisters were affected; 1 of the 8 sisters 
had 4 children in whom also the disease developed. Thyssen," in 1889. 
West,'? in 1895, Sottas,’* in 1896, Barret,** in 1901, Chapu,® in 1910, 
srunet,’® in 1919, Vallery-Radot,’® in 1921, Lengrand,"* in 1924, 
Loutfy,’* in 1930, and Etcheverry,’® in 1938, also stressed the hereditary 
aspects of exophthalmic goiter. The role played by infection in 
engendering latent and hereditary thyrotoxicosis was well illustrated 
by the report of Baylac,”° in 1896; he described the case of a patient 
in whom the disease developed after postpartum peritonitis had set in; 
her 18 year old daughter exhibited exophthalmic goiter after typhoid 
fever. In 1898, Brower ** and Holmes ** each reported the cases of 

8. Cantilena, P.: Sull’eredita del -gozzo esoftalmico, Sperimentale 53:269 
1884. 

9. Oesterreicher, F.: Zur Aetiologie des Morbus Basedowii, Wien. med 
Presse 25:336, 1884. 

10. Mackenzie, H. W. G.: Clinical Lectures on Graves’ Disease, Lancet 2: 
545 and 601, 1890. 


11; Thyssen: Hérédité similaire dans un cas de maladie de Basedow, Progrés 
méd. 9:67, 1889. 

12. West, S.: Two Cases of Exophthalmic Goiter in Sisters, with Morbus 
Cordis and a History of Rheumatic Fever in Both, Lancet 1:1248, 1895. 

13. Sottas, J.: Note sur le goitre exophtalmique familial, France méd. 43:533 
1896. 


14. Barret, G.: La maladie de Basedow dans l’enfance, Thesis, Paris, no. 109 
1901. 

15. Brunet, J. L.: Contribution a l'étude clinique du goitre exophtalmique dans 
l’enfance, Thesis, Lille, no. 30, 1919. 

16. Vallery-Radot, P.: Dysthyroides familiales et héréditaires, Thesis, Parts 
no. 158, 1921. 

17. Lengrand, P. A.: Sur un cas de goitre exophtalmique chez un enfant 
d'origine héréditaire a terminaison fatale, Thesis, Lille, 1924. 

18. Loutfy, A.: Contribution 4 l’étude de la maladie de Basedow chez |’eniant 
Thesis, Geneva, 1930. 

19. Etcheverry, F. J.: Contribution a l'étude du traitement chirurgical de 
maladie de Basedow chez l'enfant, Thesis, Bordeaux, 1938. 

20. Baylac, J.: De Vhérédité similaide dans de goitre exophthalmique, Arc! 
méd. de Toulouse 2:30, 1896. 

21. Brower, D. R.: Four Cases of a Family Type of Exophthalmic Goitr« 
Chicago M. Rec. 14:335, 1898. 

22. Holmes, B.: Exophthalmic Goiter in Four Children in the Same Fam! 
Philadelphia M. J. 1:1117, 1898. 





n 1884 


Ss n, a 


ter. In 
an with 
OVS and 
f whom 
“eported 
’ sisters 
in 1889 
n 1910. 
1 1924, 
reditary 
tion in 
istrated 
patient 
set in: 
typhoid 
‘ases of 


53 : 269 
on. med 
ancet 2: 
Progrés 
Morbus 
43 :533. 
no. 109 
jue dans 
;, Paris, 
1 enfant 
l’enfant 
il de la 
. Arch 
Goitre, 


Family) 


(OOLTEN-BRUGER—JUVENILE EXOPHTHALMIC GOITER 625 


4 patients with exophthalmic goiter in one family. In 1919, Souques 
and Lermoyez ** described 7 cases of exophthalmic goiter in three gener- 
ations among the 16 members of one family; the tendency to the dis- 
ease seemed to be transmitted by the male members of the family. 
Climenko 24 quoted Carder, who, in discussing Levi's ** cases, stated 
that “the mendelian law of heredity may be applied te exophthalmic 
goiter disease.” In the same report, Climenko mentioned 1 case in 
which there was a familial history of the disorder in four consecutive 
generations, transmission occurring on the female side of the family 
in each case. Heiman ** quoted Déjérine,** who, in 1886, stated the 
belief that exophthalmic goiter occurred particularly in neuropathic 
families. In 1928, Cockayne ** reported a family in which 4 members 
in two generations had exophthalmic goiter. The disorder behaved 
as an irregular mendelian dominant, and Cockayne expressed the 
opinion that a constitutional weakness of the thyroid gland was inherited 
rather than the disease itself. Cockayne stated that “the transmission 
frequently occurs through apparently normal individuals, with the dis- 
ease affecting grandparent and grandchild, aunt and niece, etc.” In 
1928, McGraw ** found familial goiter in 29 per cent of 64 cases of 
exophthalmic goiter. In the same year, Morrison *° reported 6 cases 
of exophthalmic goiter in one family and 2 in each of two other families. 
In their survey of 91 cases made in 1932, Rankin and Priestley ** found 
“a positive family history of goiter in 22 per cent, usually of the 
exophthalmic goiter type.” In 1935, Petit-Dutaillis and Péron* 


described familial exophthalmic goiter in 3 sisters. Of 6 patients with 


23. Souques and Lermoyez, J.: Goitre exophthalmique héréditaire et familial, 
Rev. neurol. 26:20, 1919. 

24. Climenko, H.: Heredity in Exophthalmic Goiter, Arch. Neurol. & Psychiat. 
3:530 (May) 1920. 

25. Levi, L.: La lésion thyroidienne fondamentale de la maladie de Basedow, 
Rev. neurol. 24 (pt. 2):631, 1913. 

26. Heiman, H.: Exophthalmic Goiter in Childhood with Some Unusual Mani- 
festations, Am. J. Dis. Child. 26:216 (Sept.) 1923. 

27. Déjérine: Le goitre exophtalmique et ses modalités frustes, graves, et 
uigués ; pronostic; traitement, Rev. internat. de méd. et de chir. 24:103, 1913. 

28. Cockayne, E. A.: Influence of Heredity in Exophthalmic Goiter, Arch. 
Dis. Childhood 3:227, 1928. 

29. McGraw, A. B.: Juvenile Exophthalmic Goiter, Surg., Gynec. & Obst. 
47:25, 1928. 

30. Morrison, H.: The Familial Incidence of Exophthalmic Goiter, New 
England J. Med. 199:85, 1928. 

31. Rankin, F. W., and Priestley, J. T.: Exophthalmic Goiter in Children 
with a Review of Ninety-One Cases, West. J. Surg. 40:498, 1932. 

32. Petit-Dutaillis, D., and Péron, N.: Maladie de Basedow familiale, Progrés 
med., 1935, p. 1011. 





626 ARCHIVES OF SURGERY 


hyperthyroidism reported by Lehman ** in 1936, 3 gave a familial his- 
tory of the disease. In 1939, McKnight ** stated that “heredity 
undoubtedly is a factor in a number of cases [of hyperthyroidism |.” In 
1941, Kerley * reported that in girls with exophthalmic goiter, mother- 
daughter complexes were not infrequently present; in 24 of 104 cases, 
thyroid disease was present in the mother or members of the immedi- 
ate family. In the same year, Black and Webster ** observed that in 6 of 
18 cases of exophthalmic goiter there was a familial history of the dis- 
‘ase. Steiner and Newcomb * showed that in 19 of 34 families with 
thyroid disease there were also cases of diabetes. In 13 of these 19 
families, the members with juvenile diabetes had palpable thyroid 
glands also. Thyroidectomy was performed on 14 patients, namely, 
+ mothers, 2 fathers, 2 uncles and 6 aunts. It also is of interest to note 
the following unusual case reports: White ** and Ochsner and Thomp- 
son ** each reported exophthalmic goiter in an infant born of a mother 
afflicted with the disease during pregnancy. Sweet *° described a case 
in which goiter developed in a newborn infant whose mother had col- 
loid enlargement of the thyroid gland. Twin sisters and twin brothers 
with hyperthyroidism were reported respectively by Neff *' and Fife.” 


SUMMARY OF THE LITERATURE ON THE FAMILIAL ASPECTS OF 
JUVENILE EXOPHTHALMIC GOITER 

A detailed survey of the literature was made for all cases of exoph- 
thalmic goiter in children up to and including the age of 16 years. For 
the construction of the table, 1,586 cases in this category were reviewed. 
Since many authors failed to indicate the presence or the absence of a 
familial history of thyroid dyscrasia, only 93 or 5.8 per cent of the 
total number of cases studied were eligible for the table. This low 


33. Lehman, J. A.: Hyperthyroidism in Children, West. J. Surg. 44:528, 1936 

34. McKnight, R. B.: Goiter in Adolescents with Special Reference to Hyper- 
thyroidism, J. South Carolina M. A. 35:168, 1939. 

35. Kerley, C. G.: Hyperthyroidism in Children, Arch. Pediat. 58:92, 1941 

36. Black, J. B., Jr., and Webster, B.: Hyperthyroidism in the Adolescent, 
J. Clin. Endocrinol. 1:859, 1941. 

37. Steiner, M. M., and Newcomb, A. L.: Enlargement of the Thyroid Gland 
in Juvenile Patients with Diabetes Mellitus, Am. J. Dis. Child. 61:458 (March) 
1941. 

38. White, C.: A Foetus with Congenital Hereditary Graves’ Disease, ] 
Obst. & Gynaec. Brit. Emp. 21:231, 1912. 

39. Ochsner, A. J., and Thompson, R. L.: The Surgery and Pathology of the 
Thyroid and Parathyroid Glands, St. Louis, C. V. Mosby Company, 1910, p. 192 

40. Sweet, P. W.: Goiter in Newborn Infant, Northwest Med. 27:183, 1928 

41. Neff, F. C.: Exophthalmic Goiter in Identical Twin Girls, J. Pediat. 1: 
239, 1932. 

42. Fife, J. K.: Diffuse Toxic Goiter Occurring in a Pair of Identical Twins, 
in Frank Howard Lahey Birthday Volume, Springfield, Ill., Charles C. Thomas, 
Publisher, 1940, p. 169. 
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percentage of familial exophthalmic goiter in juvenile patients, there- 
ae does not reflect the actual incidence of the familial factor in caus- 
ing this disease. Our calculations of Atkinson’s data ** showed that 
39, or 18.8 per cent, of a series of 208 patients with juvenile exoph- 
thalmic goiter whose cases were compiled by him gave a familial his- 
tory of thyroid disease, but for the reason already stated, we are inclined 
to believe that these figures likewise fail to represent the true incidence 
ff familial influences in causing juvenile exophthalmic goiter. 

In this series of 93 patients with familial thyroid dyscrasia, 74, or 
79 per cent, were female, and 19, or 21 per cent, were male (female: 
male = 3.9:1). The 93 patients were members of 66 families; 20 
were sisters; 6 were mixed siblings, and 2 were brothers. In the cases 
of the 74 female patients with juvenile exophthalmic goiter, a positive 
history of thyroid disease was obtained for the mothers of 30 of these 
and for the fathers of 11. In the cases of the 19 male patients, the 
mothers of 9 and the fathers of 3 were afflicted with some form of 
thyroid dyscrasia. In both groups, therefore, the incidence of thyroid 
disease in mothers was three times as great as in fathers. 


MEDICAL AND SURGICAL ASPECTS OF JUVENILE EXOPHTHALMIC 
GOITER 

Clinically, the picture of juvenile exophthalmic’ goiter resembles 
the adult type. However, in its early stages it is often overlooked, 
especially when exophthalmos is not well developed, since the emotional 
instability, the restlessness and the fidgeting are not infrequently 
attributed to a childish lack of poise. 

The immediate effects of subtotal thyroidectomy are as beneficial 
to juvenile exophthalmic goiter as to the adult type. It is the ultimate 
result that is often in doubt. One is always confronted with the ques- 
tion of what will happen when the child reaches the eighteenth year. 

The preoperative handling of juvenile patients is similar to that of 
adults. The actual extent of operation, however, presents a contro- 
versial problem. Two schools of thought exist concerning the amount 
of gland to be removed. On the one hand, the belief is held that in 
young patients more gland should be retained than is usual in order 
to avoid too sudden an upset in the endocrine balance at a time in life 
when the hormonal interrelation is under particular stress. On the 
other hand, there are those who believe that the regenerative quality 

the thyroid gland is more active in the young patient and that, 
consequently, too much gland cannot be removed. 


43. Atkinson, F. R. B.: Exophthalmic Goiter in Children, Brit. J. Child. Dis. 
35:165 and 267, 1938. 
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Author 


Hawkes, J.: Lancet 23131, 1861 


Bouchut, E.: Traité pratique 
des maladies des nouveau-nés, 
ed. 5, Paris, J. B. Bailliére & 
fils, 1867, p. 273 

Solbrig: Allg. Ztsehr. f. 
chiat. 27:5, 1871 

Demme, R., in Gerhardt, C.: 
Handbuch der Kinderkrank- 
heiten, Tiibingen, H. Laupp, 
1878, vol. 3, pt. 2, p. 397 
Ehrlich, H.: Ueber Morbus 
Basedowli im kindlichen Alter, 
Thesis, Berlin, G. Schade, 1890 
Kronthal, P.: Klin. Wehnschr. 


36 3 650, 1893 


Psy- 


Steiner, F.: Arch. f. Kinderh. 
20 : 321, 1806; 21 : 128, 1896 


Holmes #2 


Gillepsie, A. L.: 
1042, 1898 


Brit. M. J. 2% 


Ovassa, V 
158, 1902 


Riforma med, 2: 


Trischitta, 
74, 1908 


Pediatria 11: 


Lewinberg, G.: 
dowii im 
Leipzig, B 


Morbus 
Kindesalter, 
Georgi, 1904 


Base- 
Thesis, 


Mathes, \ Ueber die heutigen 
Anschauungsweisen tiber Theorie 
und Therapie der Basedow’schen 
Krankheit mit kasuistischen 
Beitrigen, Thesis, Halle, C. A. 
Kaemmerer & Co., 1905; cited by 
Sattler.’ 


Dubreuil-Chambardel, L.: 
Provence méd., May 25, 1907; 
cited by Vallery-Radot.** 
Taubmann, H.: Ueber Morbus 
Basedowill im Kindesalter, Basel, 
J. Kohlhepp, 1907 

Frey, E.: Jahresb. ti. d 
tung. d. Neurol. u 
13: 753, 1909 


Leis- 
Psychiat. 


Nicoll, M M. Ree 


1909 


75 : 667, 


Ochsner and Thompson **. 


White ** 


Raillet, G.: Bull. et mém. Soe 
méd. d. hép. de Paris 37 : 708, 
1914 


Moss, M. I.: 
9092: 482, 1914 


New York M. J 


Sawyer, A W.: Ann 
64 : 371, 1916 


Surg 


Case Age 
1 54g yr 


18 yr. 


At birth 


7% yr 


ll yr 
4 yr. 


10 yr 


Sex Relation 
F 


Brother 
and 
sisters 


Sisters 
Brother 


and 
sisters 


Sisters 


Brother 
and 
sisters 


Sisters 


Sisters 


? Brother 
{ and sister 


Pamilial History 


Father had exophthalm\ 
goiter 


Cousin had goiter 


Mother had exophthalm 
goiter 


Mother and father had 
goiter 


Sister had exophthalmix 
goiter 


Mother had exophthalmi 
goiter 


Grandmother had goiter 


Maternal uncle had goiter 


Father and 2 sisters had 
exophthalmie goiter 


Mother had exophthalmik 
goiter 


Mother had struma 


Mother had exophthalmic 
goiter 


Mother and maternal 
grandmother had exoph 
thalmic goiter 

Mother had exophthalmic 
goiter 


Father, 1 sister and 1 
brother had exophthalmik 
goiter 

Brother and father had 
exophthalmie goiter 
Exophthalmie goiter de 
veloped in mother during 
pregnancy 
Exophthalmie goiter de 
veloped in mother during 
fifth month of pregnancy 


Father and grandmother 
had exophthalmiec goiter 


Mother had exophthalmi 
goiter 


Aunt had toxie goiter 
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Author Case Age Sex Relation Familial History 
hthalmie 
Harvier, P.: Paris méd. 9 : 457, 39 12 yr. M Mother, grandmother, 
1919 maternal aunt and pater- 
nal aunt had exophthal 
mie goiter 


J sian ? Brother Mother and maternal 

bthalmic * § andsister aunt had exophthalmic 

ave goiter; maternal grand- 
mother had enlarged thy- 
roid; maternal] aunt had 
goiter; great grand- 
mother, her 3 daughters 
and 1 niece had exoph- 
thalmie thalmie goiter 
Frantz, M. H.: New York M. p yr. r . Mother had hyperthyroid- 
J. 118: 275, 1921 ism 
Cole, W.: Arch. Pediat. 40: ‘ 2 yr. Mother had goiter 


708, 1923 


eT had 


hthalmic 


1 goiter Nouviale, L.: Contribution a 

étude de la maladie de Base- 

dow dans l’enfance, Thesis, Paris, 

no. 90, 1923 

Wheelon, H.: Endocrinology .. Mother and father had 

437, 1923 prominent eyes 

Lengrand 17 eter 7 , Paternal grandmother 
had exophthalmiec goiter 


id goiter 


Wilner, ms. 2 : " 
- 20 : 18: 92 { > Sisters 


Sisters 
rs had 


ter Sisters 


jurnet, J.: Internat, Olin. 13% h ‘ Mother had exophthalmic 
4, 1925 goiter 

ithalmic Helmholz, H. F.: J. A. M. A 56 : A } ...... Aunt and maternal grand- 
87 :157 (July 17) 1926 mother had exophthalmic 

goiter 

a Sisters 

ithalmie . j 

ied, C.: Zentralbl. f. Chir. 3 Mother had exophthalmic 

: 2196, 1928 goiter 

MeGraw 2?” + Se F state Paternal grandfather had 

, Sisters exophthalmiec goiter 


Fr 
a5 


Morrison 2° - 
forrison Sisters 
‘nal - 
exoph , . Sisters 


Sweet 4® .... ee ee be acne } Newborn ™ Mother had colloid en- 
infant largement of the thyroid 

Dinsmore, R.: Proe. Internat. 6 13% yr. ) enna 6eies Brother had exophthalmic 

di] \ssemb. Interstate Post-Grad. goiter 

M. A. North America, 1929, p. 484 


thalmic 


ithalmic 
Braid, F., and Neale, A. V.: ; 2% yr. 
\rceh. Dis. Childhood 5%: 229, ; 16 yr. 


Brothers 
r had 
er 

yutfy } Sony sahee itnowews 14% yr. get “a Father had exophthalmic 
ler de goiter 


Nebraska M. J. 7 84 yr. ..s.ees» Maternal grandmother 
had exophthalmic goiter 


during 


er de 
tod erley, C. G.: Areh. Pediat. 7 6 yr. ; : Mother had pronounced 
ynancy 3Ol, mm goiter 

eather louse, § : Am. J. Surg. : 5 yr. : Two maternal aunts had 
goiter + 14, 193 nontoxic goiter; mother 
had mild hyperplasia of 
the thyroid gland; cousin 
died 5 months after oper- 
ation for goiter 


ter bbott, A. C.: Internat. Clin. : ; ....e. Mother had exophthalmic 
+ 98, 193: goiter 


thalmic 
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Author Case Age Sex Relation Familial History 


Neff¢: . sce bbLeeeebekinaneded 7 9% yr. 
9% yr. 

Jones, C. K.: J. A. M. A. 103: 76 10 yr. ee Father had hyperthyroiq 

914 (Sept. 22) 1934 ism ; 

Elliot, P. C.: J. Pediat. 6: 2% yr. r) Mother had goiter during 

205, 1935 ? ’ youth 

Heuyer, Nicholas and Stern: ll yr. -+eee++s+e Mother and aunt had 


Bull. Soe. de pédiat. de Paris exophthalmie goiter 
33 3 203, 1935 


Aunt had goiter 


Rose, E.: Rose, E. K., and yr. P .-.» Mother had goiter during 

Pendergrass, F. P.: J. Pediat. youth 

7 3325, 1935 

Lehman * ti baeibete. 8 2 r — Two maternal! aunts and 
1 grand aunt had exoph 
thalmiec goiter 


Sisters Mother had nontoxic 
goiter 

Mother had nontoxic 
goiter 

Beilby, G. E., and MeClintock, yr. P Grandmother had exoph 
J. C.: New York State J. Med. thalmie goiter 

37 3 563, 1937 

Nixon, N J. Pediat. 18:71, 87 yr. Paternal grandmother 
1941 had goiter 


Sisters 


Maternal uncle had goiter 
Mother had exophthalmi 
goiter 
Steiner and Newcomb ** Ty ; Mother had goiter 


Mother had exophthaln 
goiter 


Moolten, R. R., and Bruger, 92 ll yr P Mother operated on for 

M.: Present article exopbthalmie goiter 
Father operated on for 
exophthalmie goiter 


Our personal practice is to leave little gland, pursuing the same 
technic as when operating on adult patients. We strongly agree wit! 
the dictum that operation will always cure exophthalmic goiter but 
only when the operation is adequately performed. 


REPORT OF CASES 


Case 92.—T. S., a girl aged 11 years, was first seen on April 1, 1940. Or 


Jan. 12, 1940, one of us (R. R. M.) had operated on the mother of the patient 


for exophthalmic goiter when she was 45 years of age. As far as could be 
ascertained, no other member of the family, immediate or remote, had suffered 
from this disease. 

Her mother stated that for the past few months, the child had been extremely 
excitable, nervous and fidgety and was continuously making purposeless movements 
However, her work at school was good. She had recently shown rapid growth 
in height. Otherwise, the past history was irrelevant. 

Physical examination revealed a tall and thin child presenting no evidence oi 
maturity. The eyes were markedly exophthalmic. The thyroid gland was 
symmetrically enlarged and soft, although some nodules could be palpated on 
deep pressure. There was a pronounced tremor of the fingers, and the pulse rate 


was 140. The basal metabolic rate was 31 per cent above the average normal 
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The mother refused operation at this time. The patient was seen again on 
April 15 and on May 18. The exophthalmos and the swelling of the neck were 
now more pronounced and the tachycardia more marked. Emotional instability 
also had increased. On May 21, the patient was hospitalized. The basal metabolic 
rate on admission was 32 per cent above the average normal. After nine days of 
preoperative preparation with compound solution of iodine, U. S. P. (Lugol’s 
solution), the basal metabolic rate fell to 10 per cent above the average normal. 
On June 1, with the patient under anesthesia induced with cyclopropane and 
oxygen, bilateral thyroidectomy was performed ; this was complete on the right 
side except for a thin layer left over the posterior capsule, and six sevenths of 
the left lobe was excised. 

Histologic examination of the thyroid tissue as reported by the pathologist 
revealed “thyroid hyperplasia of the exophthalmic goiter type.” 

Clinical Course—The patient was discharged from the hospital on the sixth 
postoperative day after an uneventful course. The last follow-up report was made 
on Feb. 21, 1941. The patient felt well and gained in weight, and the pulse rate 
was 78 per minute. 


Case 93.—R. B., a girl aged 15, was first seen in the thyroid clinic on Nov. 1, 
1938. On Feb. 14, 1935, one of us (R. R. M.) had operated on the father of 
this patient for exophthalmic goiter when he was 50 years old. As in the 
previous case, no other member of the family was known to have suffered from 
this disease. 

The patient complained of nervousness and increased appetite for six months 
and of cardiac palpitation for seven months. The past history was essentially 
negative. She began to menstruate at the age of 12 and followed a regular cycle 
from then on without dysmenorrhea. 

On physical examination, the lack of poise and the inability to keep still for 
any length of time were outstanding features. All the classic eye signs were 
present, namely, the Stellwag, Dalrymple, Mébius and von Graefe signs. The 
thyroid gland was symmetrically enlarged; thrill and bruit over the gland were 
present. There were marked tachycardia and pronounced tremor of the fingers. 
The tonsils were enlarged and hyperemic. The basal metabolic rate on November 
4 was 39 per cent above the average normal. 

The patient was hospitalized on Feb. 18, 1939. Nine days later, after adequate 
preparation with compound solution of iodine, U. S. P., and with the patient 
under anesthesia induced with ethylene, extensive thyroidectomy was performed, 
removing roughly fourteen fifteenths of each lobe. 

The histologic examination of the thyroid tissue as reported by the pathologist 
indicated “exophthalmic goiter in a stage of relative remission.” 

Clinical Course—On the seventh postoperative day (March 6), the basal 
metabolic rate was 6 per cent below the average normal. The patient was dis- 
charged from the hospital on March 8 after an uneventful postoperative course. 

The follow-up history was rather interesting. The patient did well for about 
a month; after this, tachycardia developed, the rate ranging between 112 and 140 
per minute. On June 28, tonsillectomy was performed. However, in spite of 
progressive gain in weight and normal basal metabolic determination, tachycardia 
persisted. The question of either persistent or recurrent hyperthyroidism arose, 
but in view of the repeated normal metabolic studies and the absence of any 
palpatory evidence of regrowth of the thyroid gland, this was ruled out. On August 
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24, an electrocardiogram showed sinus tachycardia. In October 1939, thr: 
voltage roentgen treatments were given over the thyroid region, but this 
to influence the tachycardia. 


At the time of writing, this patient is still being followed in the thyroid 
tachycardia persists, although subjectively she feels well. 


SUMMARY 

The extensive literature on juvenile exophthalmic goiter is reviewed, 
and special emphasis is given to the familial aspects of this disease. 
Ninety-one cases of familial exophthalmic goiter in children are sur- 
veyed, and the possible familial source of the thyroid dyscrasia is inc 
cated. In addition, 2 new cases occurring in children aged 11 and 
years, respectively, are presented; in the first of these, the mother had 
subtotal thyroidectomy for exophthalmic goiter, and in the second, 
partial thyroidectomy was done on the father for the same disorder. 


li- 
15 


Julius Wiland, B.S., assisted in surveying the literature and in preparing 
the bibliography. 


301 East Twentieth Street. 
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PHYSIOLOGIC. CHANGES ASSOCIATED WITH 
VARICOSE VEINS AND THEIR 
CORRECTION 


WOOLFOLK BARROW, M.D. 


LEXINGTON, KY. 


With increasing experience in the care of patients with varicose veins, 
the importance of fundamental physiologic changes in the production of 
the patient’s symptoms and the importance of their correction in the 
treatment of the patient have been progressively emphasized. And in 
an experience with now well over 2,000 patients with varicose veins, I 
have become convinced that only the type of treatment which corrects 
or compensates for derangements in normal function is of more than 
temporary success. 

The veins of the leg have two functions, viz., to return blood to the 
heart and to serve as a reservoir for the storage of blood for use in 
emergencies.' In the latter function they are responsive to the same 
influences which affect the other longer and better known organs with 
similar function. Of the 1,000 cc., more or less, of depot blood in the 
spleen, the liver, the lung bed, the mesenteric veins and the legs, 300 
to 400 cc. is normally found in the legs, and most of this is in the super- 
ficial venous system.’ The exact amount changes in response to local 
or central stimuli through direct * or reflex action of the sympathetic 
nervous system. But the reactions of the veins and consequently the 
depot function are lost with the development of varicosities ' and varicose 
veins, which, even though they may contain more blood than normal 
vessels, are unable to mobilize it in time of need. This loss of depot 
function may be of some importance in the production of some of the 
milder symptoms associated with varicose veins. It probably accounts, 
in part at least, for the lassitude and easy fatigability of which some of 
these patients complain. 

The return of venous blood from the capillaries to the heart is the 
more important function of the veins and is accomplished by two, and 
possibly three, separate and distinct mechanisms (fig. 1). The first of 
these is capillary blood pressure; the second, the action of the intrinsic 


1. Franklin, K. J.: Monograph on Veins, Springfield, Ill., Charles C. Thomas, 
Publisher, 1937. 


2. Franklin, K. J., and McLacklin, A. D.: Dilatation of Veins in Response to 
lapping in Man and in Certain Other Mammals, J. Physiol. 88:257-260, 1936. 
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muscles of the leg in conjunction with competent venous valves, and 
the third, the movement of the diaphragm and changes in intrathoracic 
pressure associated with respiration.’ Respiratory movements create 
a negative pressure in the thorax, and this in addition to the pumping 
action of the diaphragm undoubtedly aids in venous return. That 
respiratory motion alone is entirely insufficient to overcome the force of 
gravity in man in the upright position is conclusively shown by the con- 


A aie 


Wteespica tory 
i movements (?) 











Muscular 

contractions 
+ 

Venous valves 


pressure 


[oa lary blood 


Fig. 1—Factors retarding venous return are shown on the left; those favoring 
venous return are shown on the right. 


stant finding of a venous pressure of approximately 35 cm. of water in 
the normal femoral vein in the groin.* 


3. Runge, H.: Ueber der Verandrucke in Schwangerschaft, Geburt und 
Wochenbett, Arch. f. Gynak. 122:142-151, 1924. 

4. McPheeters, H. O.; Merkert, C. E., and Lundblad, R. A.: Mechanics of 
Reverse Flow of Plood in Varicose Veins as Proved by Blood Pressure Readings, 
Surg., Gynec. & Obst. 55:298-302, 1932. 
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Normal capillary blood pressure at the venous end amounts to only 
10 or 12 mm. of mercury,® a force entirely insufficient to overcome 
sravity and return blood to the heart in the upright position under 
normal conditions. Under abnormal conditions it may be called on to 
contribute greatly to venous return, but in this event unpleasant side 
effects are to be expected; these will be discussed later. The interplay 
between normal venous valves and the unceasing contraction, tonic and 
otherwise, of the intrinsic muscles of the leg are responsible for venous 
return. 

In the normal vein with competent valves the application of external 
pressure causes displacement of the contents in the direction permitted 
by the valves, i. e. toward the heart. When this pressure is released, 
a competent valve prevents regurgitation of blood from above, and the 
segment can fill from below only (fig. 2). As the blood is drawn toward 
the heart, the venous pressure distal to this point is lowered.* Constant 


Incompetent 
Normel value A | 
— Pressure 
Pressure ressu 
ere released = ~Pressure Pressure 
appli t released 


applied 


A B 
Normal Varicose 


Fig. 2—The effect of external pressure on (4) normal veins and (8) varicose 


veins. 


repetition of this process is the great factor in venous return from the 
legs in normal persons. Even a single slight contraction of the muscles 
of the leg can cause a fall of 40 cm. of water in venous pressure when 
this is measured directly in the veins of the leg.’ 

With the development of varicose veins the valves become incom- 
petent either from inflammatory destruction of valve leaflets’ or from 

5. Landis, E. M.: (a) Capillary Pressure and Capillary Permeability, Physiol. 
Rev. 14:404-481, 1934; (b) Capillary Pressure and Hyperemia in Muscle and Skin 
of the Frog, Am. J. Physiol. $8:704-716, 1931: (c) Capillary Pressure in Frog 
Mesentery, ibid. 75:548-579, 1926. 

6. Anrep, G. V., and Von Saalfeld, E. V.: The Blood Flow Through the 
Skeletal Muscle in Relation to Its Contraction, J. Physiol. 85:375-399, 1935. 
Hooker, D. R.: Evidence of Functional Activity on the Part of Capillaries and 
Veins, Physiol. Rev. 1:112, 1921; The Effect of Exercise on the Venous Blood 
Pressure, Am. J. Physiol. 28:235-248, 1911. 

7. Edwards, E. A., and Edwards, J. E.: Effect of Thrombophlebitis on Venous 
Valves, Surg., Gynec. & Obst. 65:310-320, 1937. 





636 ARCHIVES OF SURGERY 


dilatation of the wall of the vein, which when it reaches one and one-half 
to twice the normal size, does not allow coaptation of valve cusps and these 
are thus rendered useless.* This incompetence of venous valves in varicose 
veins vitiates the effect of the peripheral venous heart, since the appli- 
cation of external pressure to a segment of vein in which the valves are 
incompetent displaces blood both toward and away from the heart. 
When pressure is released, the segment fills both from above and from 
below, and there is no effect on venous return or on venous pressure 
distal to this point (fig. 2). 

By direct measurement Beecher * found that the pressure in the 
normal long saphenous vein at the level of the ankle during walking 
fluctuated from a minimum of 30 cm. of water (a pressure less than 
normal capillary blood pressure) to a maximum of 50 to 75 cm. of water. 
Under identical conditions the pressure in the varicose long saphenous 
vein remains at a level constantly above normal capillary blood pressure 
(95 cm. of water). 

Furthermore, when venous valves are incompetent, as they are in 
varicose veins, blood is free to flow in any direction in response to 
differences in hydrostatic pressure.. When the patient with superficial 
varicose veins of the leg walks, the peripheral venous heart of the 
deep veins works well, and venous pressure is lowered in the deep veins 
In the superficial veins, however, the peripheral venous heart is not 
effective, and venous pressure remains high. Blood tends to flow from 
superficial incompetent veins to deep veins in response to differences 
in hydrostatic pressure. When the varices extend to the saphenofemoral 
junction, the pressure in the upper end of the saphenous vein is less 
owing to gravity than that in the femoral vein, and blood tends to flow 
from the normal femoral vein to the varicose saphenous vein in the 
thigh. It then reenters the deep veins in the leg at a point distal to its 
origin (fig. 3). This retrograde flow of blood in superficial varices 
may be demonstrated clinically by the Trendelenburg test *® or by 
fluoroscopic observation of the course taken by radiopaque material 
injected into a varix.'' When observed in this manner the mixture of 


8. Edwards, E. A.: Orientation of Venous Valves in Relation to Body Sur 
faces, Anat. Rec. 64:369-385, 1936. 

9. Beecher, H. K.: Adjustment of the Flow of Tissue Fluid in the Presenc« 
of Localized, Sustained High Venous Pressure as Found with Varices of the Great 
Saphenous System During Walking, J. Clin. Investigation 16:733-739, 1937. 

10. Trendelenburg, F.: Ueber die Unterbindung der Vena saphena magna bei 
Unterschenkelvaricen, Beitr. z. klin. Chir. 7:195-210, 1891. 

11. (a) Allen, E.. V., and Barker, N. W.: Roentgenologic Visualization of 
Veins of Extremities (Thorium Dioxide), Proc. Staff Meet., Mayo Clin. 9:71-74, 
1934. (b) Barker, N. W., and Camp, J. D.: Direct Venography in Obstructing 
Lesions and Veins, Am. J. Roentgenol. 35:485-489, 1936. (c) de Takats, G.: 
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yne-half radiopaque material and blood wells up through superficial varices as 
id these water from a spring or remains stationary so long as the patient stands 
‘aricose ill. As soon as the patient begins to exercise, the mixture flows 
> appli- distally and disappears rapidly into the deep veins of the lower leg.’” 
ves are That the symptoms of patients with extensive superficial varices are 
heart, not more severe may be due to the fact that since the deep veins normally 
d from return from 80 to 90 per cent of the blood from the leg, the addition of 
ressure the 10 to 20 per cent ordinarily cared for by the superficial veins is of 
no physiologic importance. Even when the burden of the deep veins 
in the is increased by 50 per cent owing to the retrograde flow of blood, the 
valking 
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dy Sur Quint, H.; Tillotson, B. I., and Crittenden, P. J.: The Impairment of Circulation 
in the Varicose Extremity, Arch. Surg. 18:671-686 (Feb.) 1929. (d) Faxon, 
-resence H. H., and Barrow, D. W.: End Results in High Ligation and Injection of the 
ie Great Long Saphenous Vein, Surgery 3:518-527, 1938. (e) Howard, N. J.; Jackson, 
7. C. R., and Mahon, E. J.: Recurrence of Varicose Veins Following Injection: A 
gna bei Study of the Pathologic Nature of the Recurrence and a Critical Survey of the 
Injection Method, Arch. Surg. 22:353-376 (March) 1931. (f) Harrop, G. A., Jr., 
ation of ind Waterfield, R. L.: Effect of Posture on the Composition and Volume of Blood 
D: 71-74, ind on Its Selective Diffusion into the Lymph Spaces, J. Physiol. 70:xxxii, 1930. 
tructing ) McPheeters, Merkert and Lundblad.+ 
ats, G.; 12. McPheeters, Merkert and Lundblad.t de Takats, Quint, Tillotson and 
Crittenden,11¢ 
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capacity of the deep veins is not taxed. And it is fair to say that when 
the deep veins are patent, the obliteration of superficial varicose trunks 


never hinders total venous return but rather aids this by lightening the 
burden of the deep veins. 


This increased venous pressure found in varicose trunks is an 
important consideration in planning the treatment of patients with 
varicose veins, for unless corrected, it will provoke the recurrence of 
varices previously obliterated or the formation of new ones. Practi- 
cally, this means operative interruption of the incompetent venous trunk 
and its branches at its junction with the deep veins. When this is not 
done, recurrence is the rule. Every single one of 100 consecutive patients 
with varicose veins reviewed by me who were treated by injection alone 
and in whom ligation was not done had recurrence. I have come to 
feel as do others '* that the treatment of patients with superficial varicose 
veins by injection alone should be limited to those rare patients who 
give a negative reaction to the Trendelenburg test and who seek relief 
for cosmetic reasons alone. 


On the other hand, in patients with varicose veins in whom the long 
and/or short saphenous veins are incompetent, the results of the combi- 
nation of properly executed ligation and treatment by injection have 
been satisfactory.*** When there is also’ incompetence of a vein communi- 
cating between the deep and the superficial venous system in the thigh 
as determined by the multiple tourniquet test,'* ligation is again indicated 
and should be done proximal to the junction with the superficial vein.’ 
When this is not feasible technically, ligation of the lower part of the 
long saphenous vein is a less exact method of trying to accomplish the 
same thing. Postoperative sclerosis of all superficial varices is necessary 
for the most satisfactory cosmetic results. This procedure also has 
minimized the tendency to recurrence.''* 


Increased pressure has another and more important effect on the 
circulation in that it provokes an increase in capillary blood pressure 
unless an alternate route of venous return through veins in which the 
pressure is normal can be found. When the deep and communicating 
veins of the lower leg are competent, such an alternate route exists, and 


13. Nicholson, B. B.: Varicose Veins: Etiology and Treatment; Clinical and 
Histologic Study, Arch. Surg. 15:351-376 (Sept.) 1927; Histology, Pathology, 
and Etiology of Varicose Veins, ibid. 7:47-63 (July) 1923. Faxon, H. H.: End 
Results in the Injection Treatment of Varicose Veins, New England J. Med. 208: 
357-361, 1933. Howard, Jackson and Mahon.1!¢ 

14. Barrow, W.: . The Treatment of Varicose Veins, J. Kentucky M. A. 38: 
140-145, 1940. 

15. Mahorner, H. R., and Ochsner, A.: A New Test for Evaluating Circula- 
tion in the Venous System of the Lower Extremity Effected by Varicosities, Arch 
Surg. 33:479-492 (Sept.) 1936. Faxon and Barrow.1!4 
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disabling symptoms are uncommon. However, when prea ase 
communicating veins are incompetent, the venous pressure a a 
throughout the tributary area ( fig. 4), and the physiologic e sat are 
‘dentical with those produced experimentally by the application of an 


inflated sphygmomanometer cuff, the results of which have been studied 


hy Landis.2° Landis observed that the venous pressure poomptty — 
to levels above the pressure in the cuff (up to systolic blood pressure ). 

This increase in venous pressure was followed after an interval of pe 
to forty-five seconds by increase in the capillary blood pressure to levels 


Varicose perforator 


Fig. 4.—The effect of incompetence of both a perforator and a superficial vein 
on the capillary blood pressure and the exchange of fluid between the blood stream 
and the tissue space. 


16. (a) Landis, E. M.: Capillary Blood Pressure in Mammalian Mesentery as 
Determined by the Micro-Injection Technique, Am. J. Physiol. SS:B3-008, 1934 ; 
(b) Micro-Injection Studies of Capillary Permeability: II. The Relation Between 
Capillary Pressure and the Rate at Which Fluid Passes Through the W alls of 
Single Capillaries, ibid. 82:217-238, 1927; (c) III. Effect of Oxygen Lack, ibid. 
83: 528-542, 1928; (d) Vascular Physiology and Clinical Medicine, Ann. Int. Med. 
10: 290-208, 1936. (e) Landis, E. M.; Jones, L.; Angevine, M., and Erb, W.: 
The Passage of Fluid and Protein Through Human Capillary Wall During Venous 
Congestion, J. Clin. Investigation 11:717-734, 1932. me 

17. Duffield, F. A., and Harris, I.: Increase of Pressure in Veins to the Level 
of Arterial Pressure Caused by Constricting the Limb in Which the Venous 
Pressure Is Recorded, J. Physiol. 81:283-285, 1934. 
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of 8 to 10 mm. of mercury higher than the pressure in the cuff. Capij- 
lary hypertension in turn results in marked interference with capillary 
function, and when secondary to varicose veins, I believe is largely 
responsible for the severe symptoms and disabling complication some- 
times encountered. 


Capillary function is dependent on the properties of capillary endo- 
thelium as a semipermeable membrane allowing the free passage of fluid 
and simple molecules but restraining the complex protein molecules." 

In 1892 Starling *® suggested that fluid moves from capillary to 
tissue space in response to physical forces. Subsequent investigation 
has confirmed this, for under normal conditions the hydrostatic blood 
pressure at the arteriolar end (45 cm. of water) is above the colloid 
osmotic pressure (36 cm. of water), and fluid tends to go from capillary 
to tissue space at the arteriolar end. The capillary hydrostatic pressure 
at the venous end (22 cm. of water) is less than the colloid osmotic 
pressure (36 cm. of water), and fluid tends to be drawn from tissue 
space into capillary space (fig. 5). This maintenance of normal fluid 
balance between capillary and tissue spaces is dependent on the mainte- 
nance of these relations.*° 


Unfortunately, in patients with extensive varices of the communi- 
cating or deep veins, as I have noted before, there is an elevation of 
the venous pressure which is reflected in increased capillary pressure. 
When the capillary pressure is elevated beyond normal limits, filtra- 


tion of fluid into the tissues occurs at a rate proportional to the 
increase in the capillary pressure (fig. 6).2‘ The rate of filtration 
increases with rise in temperature, being doubled by an increase of 14 


18. (a) Krogh, A.: Anatomy and Physiology of Capillaries, ed. 2, New Haven, 
Conn., Yale University Press, 1930. (b) Krogh, A.; Landis, E. M., and Turner, 
A. H.: The Movement of Fluid Through the Human Capillary Wall in Relation 
to Venous Pressure and to the Colloid Osmotic Pressure of the Blood, J. Clin. 
Investigation 11:63-95, 1932. (c) Landis, E. M.: Micro-Injection Studies of 
Capillary Blood Pressure in the Human Skin, Heart 15:209-228, 1930; (d) Passage 
of Fluid Through the Capillary Wall, Am. J. M. Sc. 193:297-313, 1937. (e¢) Rous, 
P.; Gilding, H. P., and Smith, F.: The Gradient of Vascular Permeability, 
J. Exper. Med. 51:807-830, 1930. (f) Smith, F., and Rous, P.: The Gradient 
of Vascular Permeability: IV. The Permeability of the Cutaneous Veins and Its 
Functional Significance, ibid. 54:499-514, 1931. (g) Landis, Jones, Angevine and 
Erb.16e 


19. Starling, E. H.: On the Absorption of Fluids from the Connective Tissue 
Spaces, J. Physiol. 19:312-326, 1895-1896. 

20. Landis.*¢@ Landis, Jones, Angevine and Erb. 

21. Landis, E. M.: Micro-Injection Studies of Capillary Permeability: I. Fac- 
tors in the Production of Capillary Stasis, Am. J. Physiol. 81:124-142, 1927; 
footnotes 16a, 18¢ and 18d. 
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Fig. 6.—The effect of increased venous pressure on the accumulation of inter- 
stitial fluid (after Landis). 
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to 45 degrees (C.),** and patients with edema from any cause (varicose 
veins included) not infrequently have an exacerbation of symptoms 
during hot weather. 

This increase in capillary pressure has another effect; normally the 
capillary loses an insignificant amount of protein (it is 96 per cent 
efficient according to Landis),** and this small amount is promptly 
removed by the lymphatics.** But when capillary pressure is raised to 
between 60 and 80 mm. of mercury, protein as well as fluid is lost in 
significant amounts (fig. 7),”> thus decreasing the effective colloid 
osmotic pressure and favoring even greater filtration into the tissue 
spaces. This protein-rich fluid is also an ideal medium for fibroblastic 
proliferation, and if long present in the tissue spaces will per se provoke 
diffuse fibrosis of subcutaneous tissues ** and may be as responsible as 
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Fig. 7—The amount of protein in lymph associated with different capillary 
pressures (after Landis). 


22. (a) Landis, E. M., and Gibbon, J. H.: The Effect of Temperature and 
Tissue Pressure on the Movement of Fluid Through the Human Capillary Wall, 
J. Clin. Investigation 12:105-138, 1933. (b) Landis.1*¢ 

23. Landis, E. M.: Factors Controlling Movement of Fluid Through the Human 
Capillary Wall, Yale J. Biol. & Med. 5:201-225, 1933. 

24. (a) Drinker, C. K.; Field, M. E., and Homans, J.: Experimental Pro- 
duction of Edema and Elephantiasis as Result of Lymphatic Obstruction, Am. J 
Physiol. 108:509-520, 1934. (b) Drinker, C. K., and Field, M. E.: Lymphatics, 
Lymph, and Tissue Fluid, Baltimore, Williams & Wilkins Company, 1933. 

25. (a) Peters, J. P.: Body Water: Exchange of Fluids in Man, Springfield, 
Ill., Charles C. Thomas, Publisher, 1934. (6) Wright, S.: Applied Physiology 
ed. 3, London, Oxford University Press, 1929. (c) Landis.5® (d) Landis.?® 

26. Zimmermann, L. M., and de Takats, G.: “The Mechanism of Thrombo 
phlebitic Edema, Arch. Surg. 23:937-953 (Dec.) 1931. Drinker, Field and 
Homans.?*# 





ari ose 


aptoms 


lly the 
© cent 
omptly 
ised to 
lost in 
colloid 
tissue 
blastic 
rovoke 
ible as 


apillary 


ire and 
y Wall, 


Human 
il Pre )- 
Am. J 


phatics, 


ng field, 


siol gy, 


rombo- 
Id and 


BARROW—VARICOSE VEINS 643 


hacterial infection for the scarring and fibrosis sometimes associated 
with varicose ulceration. 

The rate of filtration of fluid through capillary endothelium is 
dependent also on the amount of fluid already in the tissue spaces, 
decreasing as the amount of fluid in the tissue spaces increases. Landis 
observed that edema formed just one fourth as rapidly at the end of an 
hour as it had when capillary pressure was first elevated. He attributed 
this to the elastic resistance with which tissues oppose distention and 
named this phenomenon tissue tension. He found experimentally that 
tissue tension reached a maximum force of 35 mm. of mercury, and 
this long before the 10 per cent increase in volume which is necessary 
for the clinical detection of edema occurred.** That this force is a 
temporary one is shown by the fact that edema does develop eventually, 
but even then tissue elasticity continues to have some effect, for skin 
excised from an edematous extremity will shorten more than that taken 
from a normal one.*** 

This tissue tension or elasticity is regained but slowly once sufficient 
fluid has accumulated to produce clinical edema. This slowness can 
be compensated for therapeutically, however, by the application of 
external elastic compression. This may explain in physiologic terms, 
i. e. the substitution of or addition of external compression to internal 
tissue tension, the almost universal success obtained with the use of 
elastic bandage, Unna’s boot, elastic adhesive plaster and similar devices 
in the treatment of varicose ulceration. And since tissue tone is regained 
but slowly by patients with edematous extremities, I advise patients to 
continue to wear some sort of external elastic support for some time after 
the removal of the underlying cause—in this instance, varicose veins. 
[ believe this support hastens recovery and minimizes subcutaneous 
fibrosis. For the same reason, I sometimes advise Buerger-Allen 
exercises. 

This separation of the tissues with abnormal collections of fluid inter- 
feres mechanically with the exchange between tissues and capillary, as 
was shown by Harrison and Pilcher.** These investigators measured 
the oxygen tension in the venous blood returning from an edematous 
extremity and noted that it was greater than that in venous blood from 
a normal limb. For carbon dioxide the relation was reversed, i. e. the 
edematous extremity was functionally inefficient owing, I believe, to 
mechanical interference with the exchange of gases between tissue cell 
and capillary blood stream by abnormal collections of interstitial fluid. 


27. Footnotes 5a, 186, 18d, 22a and 23. 


28. Harrison, T. R., and Pilcher, C.: Studies in Congestive Failure: I. The 
Effect of Edema on Oxygen Utilization, J. Clin. Investigation 8:259-290, 1930. 
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In my opinion, this functional inefficiency in the exchange of gases and 
electrolytes between tissue cell and capillary blood stream due to 
abnormal accumulations of interstitial fluid secondary to capillary hyper- 
tension necessitated by increased venous pressure due to incompetent 
venous valves is the reason for the heaviness, the edema, the easy 
fatigability and the increased susceptibility to infection and trauma w hich 
are so distressing to the patient with varicose veins. I do not believe 
that differences in the concentration of carbon dioxide and oxygen which 
may exist between the normal cubital vein and the varicose long 
saphenous vein in the same patient ** are responsible for the patient’s 
complaints. Blalock *° observed that although in general the carbon 
dioxide content was higher and the oxygen content was lower in blood 
from uncomplicated varicose veins than in that from normal veins, in 
the presence of varicose ulceration (with which interference with 
nutrition is most marked) the findings were reversed, i. e. the venous 
blood contained more oxygen and less carbon dioxide than the blood in 
normal veins. Again, the magnitude of the changes in carbon dioxide 
and oxygen concentrations in varicose veins is insignificant in com- 
parison with those found in normal veins during even mild exercise 
(70.6 volumes per cent carbon dioxide) .**» 

This hypothesis finds ample confirmation in the clinic. Patients 
with asymptomatic superficial varices are not uncommon, and in each 
instance careful examination will reveal normal deep and communicating 
veins, i. e. an alternate normal route for venous return. In patients with 
severe symptoms, especially with varicose ulceration, the converse is true, 
i. e. either deep or communicating veins are incompetent also. That 
this may be a single incompetent communicating vein directly beneath 
an ulcer was demonstrated time and again several years ago, when a 
common form of treatment for patients with varicose ulceration was 
excision and skin grafting. 

If varicose ulceration is taken as an index of the degree of physiologic 
interference, the comparison between patients in whom only the super- 
ficial veins are incompetent and those in whom either the deep or the 
communicating veins are incompetent also is striking. 

Among patients with superficial varices associated with incompetence 
of the long or short saphenous veins, varicose ulceration is rare. Of 
patients with superficial varices associated with incompetence of com- 
municating veins in the lower leg, 86 per cent had or had had varicose 


29. (a) Linton, R. R.: The Communicating Veins of the Lower Leg and the 
Operative Technic for Their Ligation, Ann. Surg. 107:582-593, 1938. (b) Edwards.* 
(c) de Takats, Quint, Tillotson and Crittenden.*!¢ 

30. Blalock, A.: Oxygen Content of Blood in Patients with Varicose Veins, 
Arch. Surg. 19:898-905 (Nov.) 1929. 
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ulceration.’ In patients with incompetence of the long saphenous vein, 
retrograde blood can be eliminated by ligation of this vein at the sapheno- 
femoral junction. Following this combined with injection therapy, 
complete relief is to be anticipated. In patients with incompetence of 
the deep or the communicating veins in the lower leg, however, this is 
not so readily accomplished. The physiologic impairment is much 
greater (for example, Holling and Beecher ** found that fluid accumu- 
lated at twice the normal rate in patients with incompetent deep or 
communicating veins ; in patients with the superficial veins alone incom- 
petent, the rate was normal). The elimination of this localized con- 
gestive failure is not easy. In approximately 5 per cent of patients of 
this type there is obstruction to venous return in the deep veins, as 
demonstrated by Perthes’ test,*? so that obliteration of superficial varices 
is unwise. In these patients the superficial varicosities are compensatory, 
and their treatment not only does not help the patient but is definitely 
harmful. It is fortunate, however, that in patients of this type with the 
passage of time, it is not uncommon for the deep veins to become 
sufficiently patent or for sufficient deep collateral channels to develop to 
permit more active treatment. Where deep channels are adequate, 
surgical interruption of incompetent communicating veins following the 
technic of Linton *** is usually desirable. 

This is definitely a major operation and requires prolonged hos- 
pitalization. It should be preceded by ligation of both the long and 
short saphenous veins to prevent possible blood stream infection or 
pulmonary embolus. In my hands, even such extensive operation has 
proved no guarantee against recurrence and follow-up visits and sup- 
plementary treatment at frequent intervals are of the utmost importance. 
In many instances the loss of tone of the subcutaneous tissues is such 
that the prolonged application of external elastic compression, either 
with elastic bandages or with an elastic stocking, may be desirable. When 
the patient’s work requires a great deal of standing, a change of occu- 
pation may be necessary.** 

CONCLUSIONS 

In varicose veins venous valves become incompetent and assist in 

venous return only with difficulty. 


31. Holling, H. H.; Beecher, H. K., and Linton, R. R.: Study of Tendency to 
Edema Formation Associated with Incompetence of Valves of Communicating Veins 
of the Leg, J. Clin. Investigation 17:555-561, 1938. 

32. von Perthes, G.: Ueber die Operation der Unterschenkelvaricen nach 
Trendelenburg, Deutsche med. Wchnschr. 21:253-259, 1895. 

33. Eyster, J. A. E.: Venous Pressure and Its Clinical Application, Physiol. 
Rev. 6:281, 1926. Turner, A. H.; Newton, M. IL, and Haynes, F. W.: The 
Circulatory Reaction to Gravity in Healthy Women, Am. J. Physiol. 94:507-520. 
1930. Harrop and Waterfield.'f 
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This interference with the normal mechanism of venous return js 
reflected by increased venous pressure. 


This increased venous pressure is not of great significance so long 


as there is an alternate normal route (deep and communicating veins) 
for the return of blood from the capillaries to the heart. 

When no such normal route persists, increased venous pressure 
provokes increased capillary pressure, which, in turn, is followed by 
increased interstitial fluid and interference with the exchange of gases 
and metabolites between tissue cell and capillary blood stream. 

Lasting cure of patients with varicose veins has been experienced only 
when physiologic abnormalities have been corrected or compensated. 
Obliteration of the superficial varices alone has rarely proved of more than 
temporary benefit to patients with incompetence of large venous trunks. 


187 North Upper Street. 
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MESENTERIC VASCULAR OCCLUSION 


REVIEW OF THE LITERATURE AND GENERAL PRINCIPLES; REPORT 
OF A CASE WITH OPERATION AND RECOVERY 


HENRY J. GIAMARINO, M.D. 
AND 
SAMUEL A. JAFFE, M.D. 


NEW HAVEN, CONN. 


Occlusion of the mesenteric vessels is not the rare occurrence of 
years ago, for today practically every busy surgeon encounters 1 or more 
cases. |! Although the underlying pathologic lesions appear to be many, 
the resulting clinical picture is fairly characteristic and makes possible 
an early and definite diagnosis in the majority of cases. The mortality 
rate associated with mesenteric vascular occlusion is still high and can 
be reduced only by earlier diagnosis and treatment. Whittaker and 
Pemberton,! reporting 19 cases as late as 1938, had a mortality rate 
of 84 per cent following surgical intervention. The lowest recorded 
mortality rate in any significant series is in the region of 60 per cent. 

The history of mesenteric occlusion is about a hundred years old, 
for Tiedemann ? reported the first case in 1843. Virchow was the first 
to recognize and explain embolism and thrombosis, and the knowledge 
of these processes as they occur in the mesenteric vessels dates from the 
publication of his admirable investigations. He reported 1 case of 
mesenteric occlusion in 1847% and seven years later followed with 2 
more.t In 1875 Litten ® summarized the 20 cases reported until then. 
However, it was not until 1895 that Elliot ® performed the first intestinal 


From Grace Hospital. 


1. Whittaker, L. D., and Pemberton, J. de J.: Mesenteric Vascular Occlusion, 
J. A. M. A. 111:21 (July 2) 1938. 


2. Tiedemann, F.: Von der Verengerung und Schliessung der Pulsadern in 
Krankheiten, Leipzig, K. Gross, 1843, p. 131. 


3. Virchow, R.: Ueber die akute Entziindung der Arterien, Virchows Arch. 
path. Anat. 1:272, 1847. 


4. Virchow, R.: Verstopfung der Gekrésarterie durch einem ungewanderten 
Propf, Verhandl. d. phys.-med. Gesellsch. in Wiirzburg 4:341, 1854. 

5. Litten, M.: Ueber die Folgen des Verschlusses der Arteria mesaraica 
superior, Virchows Arch. f. path. Anat. 63:289, 1875. 

6. Elliot, J. W.: The Operative Relief of Gangrene of the Intestine Due to 
Occlusion of the Mesenteric Vessels, Ann. Surg. 21:9-23, 1895. 
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resection in the treatment of this disease. Gordon’ and then Tyson: 
soon followed with reports of operative recoveries. Watson® at the 
turn of the century reported that resection was a suitable procedure jn 
about one sixth of the cases. Sporadic reports quickly followed, and 
experimental study to determine the mechanism of the lesion was begun. 
In 1904 Jackson, Porter and Quinby * reviewed the 214 cases recorded 
up to that time. Trotter,"* in 1913, in his excellent monograph reported 
359 cases collected from the literature and described 7 cases of his own. 
In 1921 Klein '* conducted 4n exhaustive review and found that only 
24 cases of successful resection had been reported. In 1923 Brady 
reported 14 cases. In 1926 Cokkinis ** reviewed 76 cases collected from 
the London hospitals and recorded some original research on mesenteric 
circulation. The more recent reviews of series of cases were presented 
by Meyer,*® Jones,*® Dye,’* Warren and Eberhard,’* Whittaker and 
Pemberton ' and Fallis,** and in 1941 Moore *° reviewed the history and 
reported 8 of his own cases. 


The anatomy of the mesenteric vessels has been carefully worked 
out, so that the main vessels, branches, arterial arcades and anastomoses 


7. Gordon, T. E.: Brit. M. J. 2:1447, 1898. 

8. Tyson, W. J., and Linington, W. W.: Case of Acute Intestinal Obstruc- 
tion Due to Embolus of a Branch of Superior Mesenteric Artery, Tr. Clin. Soc 
London 35:114-116, 1901-1902. 

9. Watson, F. S.: Diagnosis and Surgical Treatment of Embolism and 
Thrombosis of the Mesenteric Blood Vessels, with Reports of Cases, Boston M 
& S. J. 132:552-557, 1894. 

10. Jackson, J. M.; Porter, C. N., and Quinby, W. C.: Mesenteric Embolism 
and Thrombosis: A Study of Two Hundred and Fourteen Cases, J. A. M. A 
42:1469 (June 4) 1904; 43:25 (July 2); 110 (July 9); 183 (July 16) 1904. 

ll. Trotter, L. B. C.: Embolism and Thrombosis of Mesenteric Vessels, 
London, Cambridge University Press, 1913. 

12. Klein, E.: Embolism and Thrombosis of the Superior Mesenteric Artery, 
Surg., Gynec. & Obst. 33:385, 1921. 

13. Brady, L.: Mesenteric Vascular Occlusion, Arch. Surg. 6:151 (Jan.) 1923 

14. Cokkinis, A. J.: Mesenteric Vascular Occlusion, Baltimore, William Wood 
& Company, 1926. 

15. Meyer, J. L.: Mesenteric Vascular Occlusion, Ann. Surg. 94:88-96 (July) 
1931. 

16. Jones, H. W.: Recurring Mesenteric Thrombosis, Am. J. Surg. 22:318 
320 (Nov.) 1933. 

17. Dye, W. J. P.: Mesenteric Thrombosis, New England J. Med. 212:105 
108 (Jan. 17) 1935. 

18. Warren, S., and Eberhard, T. P.: Mesenteric Venous Thrombosis, Surg., 
Gynec. & Obst. 61:102-121 (July) 1935. 

19. Fallis, J.: Mesenteric Thrombosis—Operation—Recovery: Report of Two 
Cases, Am. J. Surg. 47:128 (Jan.) 1940. 

20. Moore, T.: Mesenteric Vascular Occlusion, Brit. J. Surg. 28:347 (Jan 
1941. 
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are well known. The venous drainage of the large and the small bowel 
jor the most part is patterned after the arterial supply. 

Donaldson and Stout ** contributed to the pathology of this disease 
and by their careful clinical observations and animal experimentations 
differentiated between arterial and venous occlusion of the mesenteric 
vessels. They pointed out that with venous thrombosis the muscular 
structure of the intestinal wall remains viable for a considerable time, 
whereas with arterial thrombosis gangrene of the intestinal wall comes 
on almost immediately. Although it was” believed at first that the 
majority of mesenteric vascular occlusions were on the basis of the 
arterial embolism, the latest series of cases indicate that venous obstruc- 
tion accounts for about 75 per cent of the cases and that the terminal 
mesenteric arteries are secondarily involved. 

From the literature one can evolve a simple working classification 
of mesenteric vascular occlusion. The occlusion may be: (1) arterial, 
in which embolism or thrombosis has occurred, and this may be general, 
i. e. with diffuse infarction, or local, i. e. with segmental infarction, or 
(2) venous. The series of cases reported have shown that the causative 
factors are many and various. The arterial type is due to embolism or 
thrombosis. The embolic group appears to be the larger, and as early 
as 1900 it was noted that the superior mesenteric artery was involved 
many times more frequently than the inferior mesenteric artery. This 
fact can be explained on the basis of earlier exit from the aorta and 
also on the basis of the superior mesenteric artery being more of a direct 
continuation from the abdominal aorta. Vegetations on the valves on 
the left side of the heart and auricular fibrillation appear to be the usual 
causative agents in embolism of the mesenteric arteries. , Thrombosis 
of the arteries is due to arteriosclerosis or atherosclerosis or to pressure 
on the wall of the vessel, as from tumor.-~ Venous occlusion appears to 
be due almost always to thrombosis; the concept of retrograde venous 
embolism has few supporters. » Mesenteric venous thrombosis is usually 
associated with infection in the abdominal organs that are tributary to 
the portal vein. . Appendicitis, diverticulitis, ulcerative colitis, pelvic 
infections, carcinoma and strangulated bowel are frequent precursors 
of this condition. Thrombosis or embolism of mesenteric vessels rarely 
affects ‘children; adults 40 to 65 years of age form the group most 
frequently attacked. In 1901 Taylor ** reported occlusion of the 


superior mesenteric artery and vein in a girl at the unusual age of 5 
years, 
21. Donaldson, J. K., and Stout, B. F.: Mesenteric Thrombosis: Arterial 
and Venous Types as Separate Clinical Entities; Clinical and Experimental Study, 
\m. J. Surg. 29:208 (Aug.) 1935. 

22. Taylor, F.: Tr. Path. Soc. London 32:61, 1901. 
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Review of the more constant clinical features reveals that there 
usually is a sudden onset of severe central abdominal pain, which jp 
about 50 per cent of the cases tends to become colicky. Vomiting js 
marked from the onset. Shock is usually present, the degree varying 
with the type of occlusion. Constipation is present. Later, all the 
symptoms of intestinal obstruction supervene. Of late it has been 
shown that the vomiting is markedly overshadowed by the severe pain: 
the reverse of this is true in practically all other types of intestinal 
obstruction. On examination the patient is usually found to be a 
dehydrated person in a varying degree of shock with generalized 
abdominal tenderness, spasm and rigidity. Occasionally, thickened coils 
of intestine may be palpated. Rectal examination often reveals blood 
on the examining finger. In a questionable case a low easy enema often 
yields a return of blood-stained fluid; this has been considered to be 
a diagnostic point. The white blood cell count is apt to be between 
25,000 and 40,000. The most common mistaken diagnoses have been 
acute hemorrhagic pancreatitis, perforated peptic ulcer and acute chole- 
cystitis. 

Moore urged abdominal exploration as soon as the patient can be 
made as safe as possible for operation. Boyce and McFetridge ** applied 
the dictum that the most hopeful thing about mesenteric thrombosis is 
that it can be cured by operation. Of course, surgical intervention is 
more urgently required in cases of the arterial type. Moore stated that 
the mortality rate without operation in cases of occlusion of the superior 
mesenteric artery is 100 per cent. He described some of the occasional 
cases of recovery without operation reported in the literature ** as 
examples of thrombosis of the superior mesenteric vein and others as 
instances of local arterial occlusion in which the collateral circulation 
has been sufficient to sustain the life of the affected bowel. 

Excision of the affected bowel and mesentery has been advised even 
in desperate cases. The bowel ends should be closed and side to side 
anastomosis performed. Exteriorization of the bowel has been fatal 
in practically all cases in which this was done. Only in the occasional 
case in which the colon alone was involved did exteriorization prove 
beneficial. 

REPORT OF CASE 
T. M., a 38 year old white Italian man, entered Grace Hospital with the 
complaint of pain in the left lower quadrant of the abdomen of fourteen hours’ 
duration. 


Three months previously this patient had entered the hospital with an acute 
condition within the abdomen requiring operation. Through an upper right rectus 


23. Boyce, F. F., and McFetridge, E. M.: Mesenteric Vascular Occlusion, 
Internat. S. Digest 20:67 (Aug.) 1935. 

24. Sargent, R. M.: Spontaneous Recovery in Superior Mesenteric Throm- 
bosis, Brit. M. J. 2:64 (July 14) 1934. 
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incision the abdomen was entered, and a perforated duodenal ulcer was noted. 
The perforated ulcer was plicated, and the abdomen was then closed in the usual 
fashion, the upper quadrant being drained with two cigaret drains. The patient 
was discharged from the hospital on the seventeenth postoperative day after a 
stormy convalescence, during which acute pulmonary edema and acute pneumo- 
nitis developed. However, after discharge he remained perfectly well, being sub- 
‘ected to a strict convalescent regimen for ulcer. On the night before his second 
admission to the hospital sharp pains localized to the left lower quadrant of the 
abdomen developed. The pains were associated with nausea and three episodes 
of vomiting; there was no blood in the vomitus. The pain did not radiate, 
remained moderately severe and did not seem to be affected by anything the 
patient did. He had had no bowel movement since the onset of the pain. There 
were no other symptoms. The past history was otherwise not pertinent, and the 
familial history was noncontributory. 

Physical examination revealed a well developed and fairly well nourished 
white man complaining of severe pain in the left lower quadrant of the abdomen. 
The heart and the lungs were normal. The blood pressure was 104 systolic and 
50 diastolic. The abdomen was moderately distended and tympanitic throughout 
except in the left lower quadrant, where it was dull. There was generalized 
tenderness, most marked in the left lower quadrant; here there were muscle 
spasm and an ill defined mass. Rectal examination revealed no abnormalities. 

The rectal temperature was 99.6 F. The pulse rate was 80. The respiration 
rate was 20. 

The blood showed a red cell count of 5,300,000 with 70 per cent hemoglobin 
and a white cell count of 15,800 with 84 per cent polymorphonuclears. 

The patient was operated on soon after admission with a preoperative diag- 
nosis of intestinal obstruction and probably mesenteric thrombosis. With the 
patient under spinal anesthesia induced with pontocaine hydrochloride the abdo- 
men was opened through a lower left rectus incision. A large amount of bloody 
fluid was found in the peritoneal cavity. This was suctioned out, and in the 
middle and left lower quadrants of the abdomen there was a loop of ileum (middle 
portion of the ileum), which was hyperemic, congested, edematous and rigid. 
The extent of involvement was about 12 inches (30.5 cm.), and the mesentery in 
this area was hemorrhagic and thickened. The involved portion of the bowel 
(12 inches) and the mesentery was resected, and end to end anastomosis was 
performed. The patient withstood the procedure well and was returned to his 
room in a fair condition. 

His postoperative convalescence was remarkably smooth, and he was discharged 
from the hospital with the prescription of a convalescent diet for ulcer on the 
sixteenth postoperative day. 

The pathologist’s report stated that grossly the specimen consisted of a purplish 
red hemorrhagic portion of intestine the attached mesentery of which was markedly 
infiltrated with blood. At each end the intestine was lighter in color than in 
the middle portion. Sections of the mesentery showed the tissue much infiltrated 
with blood and thrombolytic masses filling the lumen of the venous channels. 

walls of the veins showed considerable cellular infiltration. 
lwo months after the patient was discharged from the hospital, a complete 
gastrointestinal series of roentgenograms was taken. No abnormalities other than 
prepyloric and duodenal ulcers were seen. The patient was seen again four and 
seven months after operation. He had no complaints and had resumed his previous 
occupation, that of a baker in a restaurant. 
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COMMENT 


This case clinically and pathologically is one of venous mesenteric 
occlusion. Typically, the onset was moderate rather than sudden as 
in the collapse of arterial occlusion. The patient hospitalized early and 
subjected to early exploratory operation already showed moderately 
advanced changes in the intestine and the mesentery. The fact that 
only 12 inches of ileum had to be resected is in line with the present 
accepted teaching that the thrombotic process begins in the peripheral 
branches of the mesenteric veins, i. e. in those portions of the vessels 
situated either close to or actually in the intestinal wall, and that from 
this point the process extends in an ascending fashion. 

With regard to the cause of the thrombosis in this case one can only 
conjecture. Just what part the operation of three months before (for 
ruptured peptic ulcer) played is interesting to consider. Certainly, one 
must also consider the element of inflammation or infarction, for the 
venous walls showed marked cellular infiltration, the picture of 
thrombophlebitis. 


The response to the question “Why did this patient survive when 
so many others do not?” is based’on several factors: 1. The occlusion 
was on the venous rather than on the arterial side. 2. The patient was 
operated on early, before the thrombotic process had ascended. 3. The 
operation performed was the least shocking and the most rapid pro- 


cedure. 4. The postoperative care was carefully planned and carried 
out. 5. The patient had no other severe complicating disease. 


SUMMARY AND CONCLUSIONS 
The literature and the general principles of mesenteric vascular 
occlusion are reviewed. 
A case with operation and cure is reported. 


It is hoped that with earlier diagnosis, earlier operation and the 
newer aids of heparin and papaverine hydrochloride that the mortality 
rate will be substantially reduced in the near future. 


532 Chapel Street. 
1418 Chapel Street. 
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PROGRESS IN ORTHOPEDIC SURGERY FOR 1941 


A REVIEW PREPARED BY AN EDITORIAL BOARD OF THE 
AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 


(Continued from Page 506) 


III. CONGENITAL DEFORMITIES 


Experimental—The occurrence of skeletal abnormalities in the off- 
spring of rats reared on a deficient diet is reported on by Warkany 
and Nelson. They fed albino rats of the Sprague-Dawley strain 
which were entirely free of abnormalities a diet composed of yellow 
corn meal (76 per cent), wheat gluten (20 per cent), calcium carbonate 
(3 per cent) and sodium chloride (1 per cent) with sufficient viosterol. 
Multiple skeletal abnormalities appeared in the offspring. These con- 
sisted of shortening or absence of the tibia, the fibula, the radius, the 
ulna and the bones of the hands and the hind feet; shortening of 
the mandible; fusion of the ribs, and various deformities of the sternum, 
the maxilla, the clavicle and the scapula. These abnormalities were 
not present if pig liver (2 per cent) was added to the diet. [Ep. Nore: 
One of us (J. H. K.) has had the pleasure of examining the cleared 
specimens and studying the pictures of these abnormalities. This seems 
to be an important contribution to the study of congenital deformities. 
For some years this editor has observed the large percentage of cases 
of congenital clubfoot occurring in poor families and has thought that 
maybe their diets lacked some factor which was necessary to stimulate 
the proper development of the embryo at the proper time and that failing 
this stimulus the foot did not develop normally. This editor has been 
unable clinically to find anything to substantiate this idea. While none 
of these rat embryos showed clubfoot, they did show most of the other 
common congenital deformities. | 

Arachnodactylia—Ellis,"° in reporting arachnodactylia and ectopia 
lentis in father and daughter, says: 

For many years after the original description of “dolichosténomélie” by Marfan 
(1896), this particular type of local gigantism of the extremities received little 
general recognition until Ormond (1924, 1929) drew the attention of ophthal- 
mologists to the frequent association of the skeletal deformities with congenital 


116. Warkany, J., and Nelson, R. C.: Skeletal Abnormalities in Offspring of 
Rats Reared on Deficient Diets, Anat. Rec. 79:83-100 (Jan. 25) 1941. 


117-119. Footnotes deleted. 


120. Ellis, R. W. B.: Arachnodactylia and Ectopia Lentis in Father and 
Daughter, Arch. Dis. Childhood 15:267-273 (Dec.) 1940. 
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dislocation of the lenses. . . . As the name arachnodactyly (Achard, {992 
[spider fingers] implies, the most striking feature of the condition is usual], 
extreme length and slenderness of the digits. 


the 


Sometin.es the arms and legs are involved without the hands and feet. 
The patients are tall and slender and may have scoliosis, kyphosis or 
pigeon breast. 


Laxity of the ligaments tends to make the patients clumsy and grace- 
less, whilst deformities of the feet (pes planus, hammer-toe) are the general rule 
Other bony abnormalities such as spina bifida . . . have been described, whilst 
in three instances . . . arachnodactyly has been associated with fragilitas 
ossium and blue sclerotics. . . . Radiologically the bones of the extremities. 
particularly the phalanges, metacarpals and metatarsals, show the extreme length 
and slenderness observed clinically. Ossification is usually normal for age; extra 
epiphyses have been described in the digits, but these do not appear to be the 
rule. . . . In about two-thirds of the cases the skull is dolichocephalic. 
Congenital morbus cordis occurs sufficiently often (in one-third or more of the 
cases) to be regarded as an integral part of the complete syndrome. 


Many other additional congenital abnormalities have been described, 
either in association with arachnodactylia or occurring in other mem- 
bers of affected families. Some degree of webbing of the fingers is 
common; the ears are often prominent or malformed, and the mus- 
culature is poorly developed. There is congenital dislocation of the 
lenses. 

Dax,’** in an article on arachnodactylia, says: 


The appearance of these cases is unmistakable, and although arachno- 
dactyly is a picturesque description for the hands and feet, it does not convey 
the impression of general skeletal disproportion as does Marfan’s term [dolicho- 
sténomélie—long narrow limbs]. The slender fingers are sometimes webbed, the 
long toes may show a hammer deformity and spurring of the os calcis is described. 
The thorax is long, flat, narrow and funnel-shaped, there is usually a kypho- 
scoliosis due to an elongation of the vertebral column and there is winging of 
the scapulae. 

The skull is dolichocephalic, the nose long and prominent, and the palate 
arched and high. The ears are long and abnormally formed. There may be facial 
asymmetry. There is a loss of subcutaneous fat, the ligaments are lax and the 
muscles are thin and hypotonic; flat feet and spontaneous subluxations of the joints 
are seen in consequence. : 

Four cases of arachnodactyly are described in mental defectives. Two are 
associated with retinitis pigmentosa and a third with juvenile amaurotic idiocy. 
A comparison is made between arachnodactyly and chondrodystrophy. 


Numerous reports of arachnodactylia associated with ectopia lentis 
have been published. Meyer and Holstein ‘** say that it is still a 
debatable question whether there is a relation between lens anomalies 

121. Dax, E. C.: Arachnodactyly, J. Ment. Sc. 87:434-438 (July) 1941. 

122. Meyer, S. J., and Holstein, T.: Spherophakia with Glaucoma and 
Brachydactyly, Am. J. Ophth. 24:247-257 (March) 1941. 
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and muscular-skeletal changes. They are able to demonstrate in 
another form of lens anomaly, namely, microphakia, that in other parts 
of the body similar changes occur that are significant enough to reveal 
4 definite relation between lens and constitutional anomalies. 


Ehlers-Danlos Syndrome.—Pittinos '** reports a case of Ehlers- 
Danlos syndrome. This syndrome was first described by Ehlers in 
1299 before the Danish Dermatological Society. It shows three dis- 
tinguishing features: (1) fragility of the skin and the blood vessels 
(dermatorrhexis); (2) overelasticity of the skin (dermatocholasis), 
and (3) overelasticity of the joints (arthrocholasis). In some instances 
additional evidence of pseudotumors and subcutaneous nodules has been 
noted. The former occur in places of repeated trauma, such as over 
the achilles tendon, and are thought to be due to repeated extravasation 
of blood. The latter are due to small areas of fat necrosis in subcu- 
taneous tissue. The outstanding feature in the case he reports was 
weakness with an increased output of creatine but no definite muscular 
dystrophy. 

Barber, Fiddes and Benians,’** in an article on Ehlers-Danlos syn- 
drome, state that it was nine years after Ehlers had presented his case 
for diagnosis in Denmark that Danlos (1908) recognized the similar- 
ity between Ehlers’ patients and a patient described eighteen months 
before as having a doubtful form of diabetic xanthomatosis. Danlos 
noted the hyperelasticity of the skin, its remarkable thinness and the 
abnormal cicatricial effects following wounds. 

Barber, Fiddes and Benians think the basis is probably a develop- 
mental error. They present a case in which there was synostosis of the 
proximal heads of the radius and the ulna on both sides. In some 
cases there may be an absence or delay of cranial ossification. In two 
families it was possible to trace some manifestation of the syndrome 
through several generations. The authors say: 

The principal clinical features remain the triad of signs first described 
by Ehlers—over-extensibility of the joints with hyperelasticity and fragility of the 
skin. . . . [The skin] is found to slide easily over the subcutaneous tissues, 
whether muscle or bone, and in this respect has been likened not inaptly to the 
skin of a cat or a dog. . . . It may be pulled out to a considerable extent, 
resuming its original position when released. Surprisingly little discomfort is 
caused by pinching the skin, which nevertheless appears to be unduly sensitive 
to other more usual manipulations. . . . The numerous large atrophic scars 
on the exposed portions of the body testify to the third feature of the triad— 
the fragility of the skin. The smallest injury will produce a bruise and such 
haematomas are frequently extensive. . . . On healing, the wounds leave 
broad papyraceous scars. . . . These scars are never adherent to the sub- 
cutaneous tissues. . . . Where the skin is normally fairly loose, as over the 

123. Pittinos, G. E.: Ehlers-Danlos Syndrome with Disturbance of Creatine 
Metabolism: Report of a Case, J. Pediat. 19:85-89 (July) 1941. 

124. Barber, H. S.; Fiddes, J., and Benians, T. H. C.: Syndrome of Ehlers- 
Danlos, Brit. J. Dermat. 53:97-112 (April) 1941. 
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elbows and knees, large sponge-like blue-gray tumours sometimes deve! 
the scars. . . . The degree of over-extensibility of the joints varies 
looseness of the first metacarpo-phalangeal articulation to spontaneous su! 
tion of the larger joints. 


An additional sign is the presence of freely movable nodules under 
the skin. These spherules have been several times described as lipomas. 
Their presence has been considered a fifth diagnostic sign. 

The fourth sign consists of the presence of pseudotumors. The, 
are of two types, and both types are due to trauma. In 1 case there 
was an inflammatory granuloma with giant cells. (There is a long 
histologic description of the second type of tumor.) 

Launay **° reported the Ehlers-Danlos syndrome in an 11 year old 
boy who showed mental retardation. 

Gargoylism.—Henderson *** reports 5 cases, and Ellis **’ reports 
1 case of this rare familial syndrome called gargoylism. The name was 
given by Ellis in 1936. Briefly, the disease is a form of congenital 
chondro-osteodystrophy in which the deformities of the head, the trunk 
and the limbs are associated with mental defect, corneal clouding and 
hepatosplenomegaly. 

In describing the head Henderson says the grotesque facial appear- 
ance is typical and one of the most constant features of the disease. 
The nasal bridge is flat and wide, and the nostrils are often turned 
forward. The mandible is frequently broad and heavy, and the teeth 
are widely spaced, irregular and poorly developed. Dentition com- 
menced at the normal time in about half of the cases but in others 
was greatly delayed. The lips are usually thick, and the large tongue, 
often fissured,. lies well forward in a slightly open mouth, sometimes 
actually protruding a little. Full cheeks are the rule, and they often 
have a ruddy hue. The ears usually appear to be unduly low set and 
occasionally are enlarged. Coarse dark eyebrows frequently add to 
the uncanny appearance, but the hair is usually fine and silky. The 
neck is short, the head appearing to be flattened on the shoulders. The 
chest is seldom well formed, but gross malformations such as occur 
in cases of Morquio’s disease have not been observed. Roentgenograms 
show considerable broadening of the ribs. Dorsolumbar kyphosis is 
seldom absent and is caused by dysplasia of one or more of the upper 
lumbar vertebrae. The affected vertebrae are notably small, with a 
flattened or wedge-shaped body which frequently bears an anterior 
hoodlike process. The most conspicuous features are the relativel) 

125. Launay, C.: Ehlers-Danlos Syndrome Associated with Mental Retarda- 
tion in Boy Eleven. Years Old, Bull. et mém. Soc. méd. d. hép. de Paris 65:709- 
711 (Jan. 6) 1941. 

126. Henderson, J. L.: Gargoylism: Review of Principal Features with Report 
of Five Cases, Arch. Dis. Childhood 15:201-214 (Dec.) 1940. 

127. Ellis, R. W. B.: Report of Additional Case of Gargoylism, Arch. Dis 
Childhood 15:215-218 (Dec.) 1940. 
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short arms and impaired mobility of the joints with slight permanent 
semiflexion. This impaired movement gives these patients an ungainly 
and sometimes a slightly crouching attitude and a stiff clumsy gait. The 
scapulas usually lie abnormally high, and Engle has stated that Spren- 
gel’s deformity is a characteristic feature of the syndrome. Movement 
at the shoulder is restricted on abduction of the arms, the scapulas 
being rotated into the axillas. The broad short clawhands are con- 
spicuous. In the hips and the lower extremities coxa valga, genu valgum 
and pes planus have been observed on several occasions. 

The roentgenologic changes are more striking in the limbs than else- 
where. The bones are thickened and roughly formed; the roughness 
of formation is most apparent in the neighborhood of joints. The 
humeral and femoral heads are irregular and flattened and the glenoid 
fossae and the acetabulums unduly shallow. Irregular epiphysial ossi- 
fication is a constant feature, osteosclerotic and rarefied patches often 
being seen. Carpal ossification is retarded. The mental defect of amen- 
tia is one of the most characteristic features of the disease; most of 
the patients were affected. Corneal clouding is another salient feature. 
Hepatosplenomegaly occurs in a majority of cases. Several writers 
express the opinion that gargoylism should be grouped with the 
lipoidosis. Henderson states: 

The other diseases comprising this group are Gaucher’s disease, Schiiller- 
Christian’s disease, Niemann-Pick’s disease and Tay-Sach’s disease. In all five 
conditions the familial incidence is significantly high and it would seem that all 
are recessively inherited. Further, although some cases of Gaucher’s disease and 
Schiiller-Christian’s disease may not become manifest until adult life, they all 
predominate in early childhood and are essentially congenital. 


In summary he writes: 


The disease is congenital, and the principal clinical features are chondro- 
osteodystrophy with extreme dwarfism, mental defect, corneal clouding and hepato- 
splenomegaly. 

The most constant pathological changes are found in the osseous and nervous 
systems. The bones are thickened and many of them display characteristic 
deformities. In the brain there are widespread degenerative changes in the nerve 
cells with intra- and extracellular lipoid deposits. Lipoid deposits may occur in 
the corneae, liver, spleen and other tissues. 


The disease is recessively inherited, and there is a high familial inci- 
dence. There have been 5 instances of consanguinity in the parents. 

Ectodermal Dysplasia—Friedman *** adds the forty-fifth case of 
an interesting condition to the literature. He says: 


Hereditary ectodermal dysplasia of the anhidrotic type is an entity which 
esents a typical, conspicuous and easily recognizable clinical picture. It has, 


among others, a pathognomonic quartet of symptoms: First, complete absence of 


128. Friedman, R.: Hereditary Ectodermal Dysplasia of Anhidrotic Type, 
l. & Cutan. Rev. 44:464-468 (July) 1940. 
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sudoriparous glands, the direct consequence of which is an inability ¢ 
(anhidrosis) and to withstand heat. Second, a deficiency of the sebaceous 
and hair of the scalp, axillary and pubic regions. With this is associated an 
absence of the pilosebaceous. apparatus elsewhere on the body (asteatosis and 
hypotrichosis). Third, a partial and sometimes even a total absence of teeth 
(anodontia). Teeth when present exhibit a characteristically incomplete d« velop- 


ment. Fourth, a pronounced tendency for hereditary transmission, usually through 
the female to the male. 


Sweat 
2 lands 


In 1929 Weech suggested the term “hereditary ectodermal dysplasia 
of the anhidrotic type,” which has been used by more than half of the 
authors since that time. 

The patient whose case Friedman reports had spina bifida, no coccy- 
geal segment and retardation of development of the maxilla, the carpal 
and the tarsal bones. The conic tapering of the fingers was also present 
in the mother and a maternal uncle. 


Absence of Nails—lJacoby, Ripman and Munden '** report the case 
of a 2% year old girl who had swollen gums and only two lower incisor 
teeth. The nails were completely absent from part of the fingers and 
the toes. There was precocious development of the epiphyses so that 
the bones resembled those of a child 4 to 6 years of age. They conclude 
that 


the condition of the nail may be closely correlated with the condition 
of the underlying terminal phalanx, in that where the nail is absent or rudi- 
mentary, the terminal phalanx is also absent or rudimentary. 


Klippel-Fetl Syndrome.—Gilmour '*° discusses the essential identity 
of the Klippel-Feil syndrome and iniencephaly. He says: 


The Klippel-Feil syndrome or congenital brevicollis consists of shortness of 
the neck, a low hair-line posteriorly and limitation of movements of the head, 
associated with fusion of cervical vertebrae and sometimes also of the upper tho- 
racic vertebrae. . . . [Additional features are] webbing of the neck (pterygium 
colli) due to an unusual prominence of the free borders of the trapezius muscles, 
marked nuchal depression at the nape of the neck, congenital high scapula, 
winged scapula, facial asymmetry, spasm of the cervical muscles or torticollis. 
cervical ribs, absence or fusion of the ribs, scoliosis and dorsal kyphosis. Less 
common congenital abnormalities are spina bifida in the lumbar or sacral region, 
sacralisation of the fifth lumbar vertebra, cleft palate or abnormalities of the 
viscera. 


Iniencephaly [a condition in which the fetus has a fissured occiput and a pro- 
truding brain] is a deformity found only in the stillborn or in infants. One 
infant in the literature lived for 39 hours. This is probably about as long a 


129. Jacoby, N. M.; Ripman, H. A., and Munden, J. M.: Partial Anonychia 
(Recessive) with Hypertrophy of Gums and Multiple Abnormalities of Osseous 
System: Report of a Case, Guy’s Hosp. Rep. 90:34-40, 1940-1941. 

130. Gilmour, J. R.: Essential Identity of Klippel-Feil Syndrome and Inien- 
cephaly, J. Path. & Bact. 53:117-131 (July) 1941. 
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post-foetal life as the deformity would ever permit. Most infants are born pre- 
maturely; some of the stillborns are macerated, others fresh. The great majority 
are females. In 35 cases to which I have referred 32 were females and 3 males. 
The deformity is very characteristic. There is great retroflexion of the 
head so that the face looks upwards and forwards. The head is commonly 
enlarged. The neck is absent or only indicated anteriorly below the chin. The 
scalp becomes continuous with the skin of the lower part of the back, perhaps 
as far down as the sacral region. The skin of the face usually passes directly 
on to that of the chest. The scapulas are pushed aside by the head and are 
laterally situated. The shoulders become more anterior than normally. The bony 
abnormality is in the occiput, the cervical spinal column and a variable length 
of the spine below this. In many cases there is an encephalocele at the back of 
the head where it joins the back, and there may be a defect in the skin cover- 
ing it. 


After reporting a case of each condition he summarizes : 


An example of the Klippel-Feil syndrome and of iniencephaly are described, 
with a detailed report of the bony deformities found at necropsy in each. From 
the similarity of the changes in these two cases and in cases in the literature 
described under one or other name it is concluded that the Klippel-Feil deformity 
is a mild form of the deformity characteristic of iniencephaly. 


Elevation of the Scapula.—Smith *** makes a thorough review of 
congenital elevation of the scapula. He recalls that the upper limb bud 
develops as a mass of undifferentiated mesoderm in the cervical region 
during the fourth week of fetal life. Early in the fifth week the conden- 
sation of the scleroblastema of the bud has extended to the distal part, 
and the anlages of the scapula, the humerus, the radius and the ulna are 
distinguishable. The scapula migrates downward from the level of the 
fourth cervical vertebra to its usual position by the end of the third 
month. This happens at a time when external influences would have 
little effect on the descent of the scapula. There is often a connection 
between the scapula and the cervical portion of the spine. The author 
discusses the significance of the omovertebral bone in terms of compara- 
tive anatomy. 

The physical findings in 50 cases of congenital high scapula, including 
associated deformities, are given. The results of 13 operations of various 
types for congenital elevation of the scapula are described. An increase 
in abduction of the shoulder was obtained in 3 cases by removal of an 
omovertebral bone. Attempts to improve the appearance of the shoulder 
by resection of a large portion of the scapula were disappointing. In 
3 of 5 cases radical freeing of the scapula and suturing it to one of the 
lower ribs resulted in cosmetic and functional improvement. 


131. Smith, A. DeF.: Congenital Elevation of Scapula, Arch. Surg. 42:529- 
(March) 1941. 
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The author concludes that congenital elevation of the scapula is the 
result of a true defect in the embryo. The omovertebral structure which 
occurs in about 25 per cent of these cases is a homologue of the supra- 
scapular bone which is found in several of the lower vertebrates. In many 
cases of congenital elevation of the scapula the cosmetic and functional 
defects are not of sufficient severity to warrant any operation. In cases 
in which an omovertebral bone is associated with marked limitation of 
abduction at the shoulder, improvement in function may be obtained 
by removal of the bone. In certain cases of marked elevation of the 
scapula, improvement in appearance and function may be had by exten- 
sive subperiosteal release of the scapula and retention of the bone in 
a lower position by suturing it to a rib. The operation is fraught with 
difficulty, however, and the result may be impaired by several complica- 
tions. 

Hadley '** reviews the literature on Sprengel’s deformity and reports 
3 cases. He says the treatment depends on the condition which is 
present. In cases in which there is a bony union, operation must be 
performed. If the muscles only are affected, gymnastic methods are 
indicated. 

Fusion of the Lumbar Portion of the Spine——Hadley *** also reports 
a case of fusion of the third and fourth lumbar vertebrae. He reviews 
the literature and from it describes the formation of these deformities. 
He says: 

In the embryo the first anlage of the spine is a longitudinal column of 
ectodermal cells called the notochord, which forms beneath the neural groove 
Paralleling this notochord are longitudinal groups of mesodermal cells and paraxial 
mesoblasts. These two paraxial masses undergo segmentations, producing 37 
somites. These somites become sclerotomes which grow toward each other 
around the notochord. The sclerotomes divide into two parts, the less dense 
cranial portion becoming the anlage of the intervertebral disc and the more 
dense caudal portion of the scleromere or primitive vertebral body. The sclero- 


meres become transformed into dense cartilage, there being at first two centers 
of chondrification. 


He presents roentgenograms showing fusion of the third and fourth 
lumbar vertebrae. 


Deformities of the Extremities —Levy ‘** reports the case of a still- 


born female infant of Greek descent who showed a complete absence 


of all four extremities. The head and the trunk were normal in appear- 
ance. 


132. Hadley, H. G.: Sprengel’s Deformity, Radiology 36:624-626 (May) 1941. 
133. Hadley, H. G.: Case of Fusion of Third and Fourth Lumbar Vertebrae, 
Radiology 36:108 (Jan.) 1941. 


134. Levy, J. L.: Girl Born Without Legs and Without Arms, South. M. | 
34:1085 (Oct.) 1941. 
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\on Hagen *** reports malformations of both the upper and the 
iower limbs in a Negro child. There was 1 half brother with similar 
deformities, also 2 half brothers with inversion of the feet and 1 maternal 
aunt with inversion of the right foot. The right hand showed a long 
tapering thumb and a finger from a spur on the ulna. The left hand 
showed a similar thumb and two rudimentary fingers. The legs were 
both short, and the patient walked on his hands. There was absence 
of the fibula on each side with only two toes on each rudimentary foot. 
The author says that this case is unique in that it illustrates the trans- 
mission of deformities of the limbs probably through the germ plasm 
of the mother. 

Meyer and Cummins '** report the case of an infant with congenital 
constriction of the right arm with wrist drop, amputation and constric- 
tion of some of the fingers of the other hand and amputation and 
syndactylia of the stumps of the toes on one foot. The infant’s 
mother had a severe accident near the end of the first trimester of 
pregnancy. The question is raised whether this had anything to do with 
the amputations and constrictions, since the mother had multiple frac- 
tures of the extremities and pelvis with osteomyelitis and several 
roentgen examinations of the pelvis. The authors conclude that the 
accident had little influence because the onset of an amputative pathologic 
lesion occurs at a considerably earlier period and children with amputa- 
tions and constrictions are born to mothers who have had no severe 
trauma. 

Deformities of Hands and Feet.—Johnson*** reports a case of a 
72 year old patient who had congenital amputation of some fingers, 
partial syndactylia with congenital constrictions of some of the fingers 
and a constricting band about the right lower leg. The case is reported 
from a dermatologic clinic. Johnson says: 

This congenital anomaly is a rarity in medical practice since similar cases 
in an ethbryological laboratory which received many of the monstrosities and 
curiosities of medicine are conspicuous by their absence. 


This man had edema above and below the constriction on the leg after 
no trouble for seventy years. [Ep. Nore: This is a fairly common 
deformity of the fingers and of the lower leg and is seen from time to 
time in any orthopedic clinic. | 


135. von Hagen, K. O.: Congenital Malformations of Upper and Lower 
Extremities in Siblings with Different Fathers, Bull. Los Angeles Neurol. Soc. 
6:82-84 (June) 1941. 

136. Meyer, H., and Cummins, H.: Severe Maternal Trauma in Early Preg- 
nancy: Congenital Amputations in Infant at Term, Am. J. Obst. & Gynec. 42: 
150-153 (July) 1941. 

137. Johnson, H. M.: Congenital Cicatrizing Bands: Report of Case with 
Etiologic Observations, Am. J. Surg. 52:498-501 (June) 1941. 
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Inman,*** in an article on the embryology of hereditary brachy- 
dactylia in a rabbit, says: 

The shortening or absence of some portion of the limb occurs as a hereditary 
character in man, mouse, fowl, and rabbit. Developmental study of such a char- 
acter at the time when it is being established is of interest insofar as it gives 
an indication of the processes by which a gene acts to produce its effects. 

[The character] is of importance from physiological and embryological view- 
points, because the abnormal development may prove to be due to metabolic 
disturbance or to defective tissues. 


Studies of human embryos show that fluid collects within the 
epidermis, although it is sometimes found lying below the epidermis. 
In many cases the abnormality is so far advanced that the original 
nature of the defect cannot be determined. 

Careful histologic study was made of rabbit embryos from the 
twelfth to the twenty-first day of gestation. 

On the twelfth day a destructive process may already have begun, for 
the endothelial cells of the limb vessels are swollen. Following this very early 
stage, vessels of the limb bud . . . become dilated and, either through rup- 
ture or degeneration, lose their thin endothelial wall. This permits the escape of 
fluid and blood cells, and the fluid penetrates into the mesenchyme, separating 
the cells. Necrosis of the edematous tissue follows. There is continued bleeding 
into the affected area, and other smaller foci may be established. The process 
reaches its height, apparently, during the sixteenth to eighteenth days. There 
follow typical reparative processes: Necrotic material is removed by phagocytosis 
and fibrous tissue fills in the defect. Areas of irreparable injury are sloughed off, 
following their sequestration by down-growth of epithelium. 


Cohn and Ravin *** report an unusual case of brachydactylia. They 
state that the manifestations of brachydactylia are legion. The patient 
whose case they present had bilateral, symmetric, brachydactylous index 
valgus and hallux valgus. The roentgenograms reveal that the condi- 
tion was not simple brachydactylia ; the triangular bones are apparently 
extra bones resulting from abnormal segmentation of the, digital 
mesoblastic tissue. This interpretation receives some confirmation from 
the observation that the valgus deformities were evident at birth; the 
brachydactylia, on the other hand, became manifest with age, as is usual 
in cases of simple brachydactylia. It has been shown that brachydactylia 
is usually transmitted as a dominant characteristic. The deformities 
in this case, however, were apparently recessive. 

Austin **° in reporting a case of macrodactylia says: 


Macrodactyly consists of a congenital overgrowth of one or more fingers or 
toes. The structures are said to be “normal in character and merely gigantic in 


; 138. Inman, O. R.: Embryology of Hereditary Brachydactyly in Rabbit, Anat. 
Rec. 79:483-505 (April 25) 1941. 


139. Cohn, B. N. E., and Ravin, A.: Unusual Case of Brachydactyly, J. 
Heredity 32:45-48 (Jan.) 1941. 

140. Austin, W. E.: Cast of Macrodactyly, Canad. M. A. J. 45:158 (Aug.) 
1941. 
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size for the age of the individual (Rose and Carless).” The condition may be 
combined with syndactyly. The phalanges are enlarged as well as the soft tissues, 
though the hypertrophy of the latter is proportionately greater. The condition is 
of more than academic interest only when the affected member is sufficiently 
large to be troublesome. The treatment is then amputation or disarticulation. 


In his case the patient was an American Indian girl who had enlarged 
second and third toes. These were disarticulated at the metatarsophal- 
angeal joints ; after this she was able to wear shoes of the same size. 

Brinitzer **2 reports an unusual case in which the patient was a 
60 year old man from Bangalore, India, with enlargement of the thumb 
and the index finger of the right hand: 

As long as he [the patient] can remember he has had the deformity. At first 
this consisted of only a slight thickening and lengthening of the right thumb 
and forefinger, but throughout his life it has continued to grow. At 25 his hand 
was about half its present size. At 45 the middle finger started growing. Until 
he was 50 he could eat with his right hand. The circumference of the 
right forefinger (914 inches) is the same as that of the left (healthy) upper arm. 
The length (13 inches) is 2 inches more than the left forearm. The circum- 
ference of his right thumb is more than that of the normal left wrist. 

The right forearm shows a subcutaneous lipoma. Exostoses are 
seen [by roentgen examination] in connection with the upper end of the radius. 


The author states that the relations between tumors and malforma- 
tions are intimate and that it is hard to draw a dividing line between 
them. He defines a tumor 

as a mass of tissues growing without any regard to the laws which 
govern and restrain the growth of normal tissue. Gigantism, partial or universal, 
falls in the same group. . . . Is the existence of three different kinds of 
tumors on the same extremity [tumor, exostosis and lipoma] a mere coincidence? 


Sachs *#* reports on 32 patients in five generations who had a short 
middle phalanx of the fifth finger. In some of these cases the condition 
caused the finger to be angulated. In all of the cases it was noticed at 
birth. The author discusses the various theories and states that until 
a better explanation is offered he is forced to conclude that brachy- 
phalangia is due to heredity and is a familial characteristic. 

Under the heading of curiosities Mouchet *** presents the roentgeno- 
grams of a 7 year old girl who showed multiple congenital deformities 
of the ring and middle fingers of the right hand. There were three 
extra fragments of bone between these two fingers, and the fingers were 
incomplete. 


141. Brinitzer, W.: Dactylomegaly; Case Note, Indian M. Gaz. 76:286-287, 
1941. 


142. Sachs, M. D.: Familiar Brachyphalangy, Radiology 35:622-626 (Nov.) 
1940, 

143. Mouchet, A.: Osseous Puzzle as Revealed by Roentgen Study of Syndactyly 
of Middle and Ring Fingers, Presse méd. 48:917 (Nov. 19) 1941. 





ARCHIVES OF SURGERY 


McGavack and Reinstein *** report the case of a patient with conge- 
nital deformities and mental retardation. In their summary they state: 


A female patient is described in whom multiple hereditary skeletal deformities 
are associated with mental deficiency, microcephaly, internal frontal hyperostosis 
and endogenous obesity. 

The bony changes include brachydactyly, hyperphalangism, and brachymeta- 
podism of the hands; and brachydactyly, and hypophalangism of the feet. 

A survey of three generations of the family reveals the presence of similar 
disturbances in the hands of a sister and a niece. 


The deformities in this case and those already found in the literature are 
compared. ° 


Growth arrest at a particular time in somatic development is emphasized as 
the underlying hereditary trait in this and similar conditions. 


Bipartite Patella—Tabb and associates,**° writing on_ bipartite 
patella, say that the recognition of this condition is of importance from 
both the medicolegal and the economic viewpoint. Bipartite patella is 
a term applied to an anomaly of the patella which is not commonly found 
but which, when discovered, is often confused with fracture. 

The condition was first described, according to Neviaser, in 1883. Its 
antiquity was demonstrated in 1902 by Kempson, who found evidence of it in an 
Egyptian mummy, and the first X-ray demonstration of the anomaly was made 
as early as 1903. Attention was again called to it during the World War when 


many soldiers were found to have the anomaly. Since that time occasional articles 
and case reports have appeared 


The patella develops from one or more centers. It appears about 
the third year, and ossification is complete at puberty. A number of 
writers associate the condition with osteochondritis, especially of the 
tibial tuberosity. In soldiers trouble came on after forced marches, and 
some were thought to be malingering. 

There is less tenderness than in fracture, less swelling and no bloody 
fluid in the knee. Active extension is present. 


They report 5 cases; in 4 of these the condition was bilateral. The 
importance of making roentgenograms of the opposite knee is stressed. 


Absence of the Fibula.—Scott,'** reports a case of congenital absence 
of the fibula in a premature infant. He summarizes by saying: 


In addition to absence of the fibula this syndrome characteristically consists 
of: (1) shortening, anterior bowing and dwarfing of the affected leg; (2) shorten- 
ing and anterior bowing of the tibia; (3) equinovalgus position of the foot, with 


144. McGavack, T. H., and Reinstein, H.: Brachydactyly, Polyphalangism and 
Brachymetapodism in Moronic Individual with Microcephaly, Internal, Frontal 
Hyperostosis and Endogenous Obesity, Am. J. Roentgenol. 45:55-62 (Jan.) 1941. 

145. Tabb, J. L.; Faulkner, D. M., and Smith, C. D.: Bipartite Patella 
Virginia M. Monthly 67:475-478 (Aug.) 1940. 

146. Scott, R. B.: Congenital Absence of Fibula: Its Occurrence in Pre- 
mature Negro Infant, Am. J. Dis. Child. 61:1037-1043 (May) 1941 





h conge- 
Cy State: 
eformities 
Perostosis 


achymeta- 
x. 


4 similar 
ature are 


asized as 


bipartite 
ice from 
atella is 
ly found 


1883. Its 
' it in an 
vas made 
Jar when 
il articles 


"s about 
mber of 

of the 
hes, and 


) bl ody 


ul. The 
ssed. 


absence 


consists 
shorten- 
oot, with 


Zism and 
Frontal 
n.) 1941. 
Patella, 


in Pre- 


PROGRESS IN ORTHOPEDIC SURGERY 665 


relaxation of the ankle joint; (4) absence of the external malleolus; (5) absence, 
delay in appearance or fusion of some tarsal and metatarsal centers of ossification, 
and (6) absence, webbing or hypoplasia of the toes. 
The deformity apparently results from an intrinsic defect in the germ plasm. 
The prognosis for good function generally is not very satisfactory. The diag- 
nosis should be made in the newborn period and an orthopedist consulted about 
the patient’s management before atrophy of disuse appears. 


In discussing orthopedic treatment he states: 


Ordinarily, immobilization by a cast and the wearing of corrective shoes are 
given an initial trial in an effort to aline the foot with the tibia. If this pre- 
liminary treatment fails, Harmon has recommended operative lengthening of the 
posterior and lateral tendons, followed by immobilization in a cast and the use 
of braces. Constant and early weight bearing is further advised to act as a 
stimulus to longitudinal growth. Later, the shortening due to the bend in the tibia 

may be so great that amputation will be necessary. 


Clubfoot—Sell *** reviews a series of 62 patients with congenital 
clubfoot treated by the multiple cast method. In 17 per cent of his 
cases there was enough inward torsion of the tibia to need correction. 
The amount of inward torsion is determined after the equinovarus 
deformity has been corrected. In a case in which inward torsion is 
present, he says that 

when the child is walking, the weight-bearing thrust falls obliquely across 
the long axis of the foot and drives the scaphoid around to the medial side of the 
head of the talus with re-creation of the adduction deformity of the forefoot. 
If this same vicious force is allowed to continue, varus of the heel and inversion 
of the foot will follow the adduction deformity. These undesirable sequelae to 
correction of clubfoot can be obviated if a rotation osteotomy of the tibia is done 
when tibial torsion is present. . . . Tibial torsion of 15 degrees or more should 
be treated surgically after the equinovarus deformity has been corrected. 


He prefers the controlled rotation osteotomy of O’Donoghue to the 
simpler transverse osteotomy. 


|Ep. Note: When one of us (J. H. K.) first began treating clubfoot, 
many recurrences were explained by the presence of inward torsion of 
the tibia, and many osteotomies were done. By a more complete cor- 
rection of the original clubfoot deformity and a willingness to again 
treat a recurrence, an osteotomy for the correction of inward torsion 
has not been necessary for a number of years. ] 

Mau *** presents a statistical study of 27,843 cases of congenital 
clubfoot collected from the literature. He finds a sex incidence of 66.59 
per cent male patients and 33.41 per cent female patients—twice as high 
among male patients as among female patients. He includes a critical 
review of the recent work of Zimmer. 

147. Sell, L. S.: Tibial Torsion Accompanying Congenital Clubfoot, J. Bone 

Joint Surg. 23:561-566 (July) 1941. 


148. Mau, C.: Sex Ratio in Congenital Clubfoot, Ztschr. f. Orthop. 71:94- 
1940. 
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Stgren **° reports an operation which he has devised for inveterate 
clubfoot. Through a medial longitudinal incision he divides the medial 
half of the achilles tendon. The long flexor tendons of the toes, and 
the anterior and posterior tibial tendons are lengthened. A dorsal skin 
flap is pulled down for closure of the wound. A plaster bandage js 
applied with the foot in the corrected position. The skin defect jis 
repaired by a Thiersch graft through a fenestra. Four weeks later the 
achilles tendon is lengthened through a lateral longitudinal incision, and 
the heel is pulled down with a Schede apparatus. Four or five weeks 
later a wedge osteotomy is done in front of, or in, Chopart’s joint, accord- 
ing to roentgen findings. The author says that the results of this 
operation were better than those he had seen previously. 

Bentzon and Thomasen **° present a statistical account of all cases 
of clubfoot in which examination and treatment were carried out at the 
Orthopedic Hospital at Aarhus, Denmark, from September 1936 to 
May 1939. The series includes 131 patients, 72 per cent of whom were 
male. In 63 cases the condition was bilateral. History of familial 
occurrence was obtainable in 14 per cent. The authors say that heredi- 
tary clubfoot is most often bilateral. One hundred cases were available 
for final evaluation. All the patients were given preliminary treatment 
in the first year of life. Ten of these required manipulations at the 
age of 1 year. Ejighty-nine of the remaining 90 had subsequent length- 
ening of the achilles tendon. Fifty per cent later showed marked 
relapse for which secondary manipulation or cuneiform tarsectomy was 
indicated. The latter was performed on 23 of these patients. The 
authors urge more thorough early preliminary treatment. 

Harry *™* strongly recommends the use of Denis-Browne splints in 
the treatment of talipes equinovarus. He expresses the opinion that 
the introduction of the Denis-Browne splints should be the beginning 
of a new era in the treatment of clubfoot. The principles involved in 
the use of these splints are outlined, and the technic is described in 
detail. The splints consist essentially of two simple yet ingeniously 
devised foot pieces to which each foot is strapped separately. These 
are bolted to a cross bar. Children are happy in these splints and 
enjoy an astonishing degree of activity. The treatment is continued 
for seven months. Prolonged treatment diminishes the danger of relapse. 
After the splints are removed, the child should walk in boots with 
valgus wedges. [Ep. Note: One of us (J.H.K.) has given these 


149. Stgren, H.: Operative Treatment of Inveterate Clubfoot in Older Children 
and Adults, Acta orthop. Scandinay. 11:135-137, 1940. 

150. Bentzon, P. G. K., and Thomasen, E.: Treatment of Congenital Club- 
foot, Especially Relapsing Cases, Acta orthop. Scandinav. 11:129-134, 1940. 

151. Harry, N. M.: Denis-Browne Splints in Treatment of Talipes Equino- 
varus, Australian & New Zealand J. Surg. 11:117-122 (Oct.) 1940. 
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splints a trial after seeing the work of Stuart Thomson in Toronto, 
Canada, in June 1941. At first they seemed to be the realization of a lazy 
man’s dream. However, with longer use, it was noted that it took as long 
for correction with these splints as with plaster and that with them 
it was not possible to hold the foot so accurately or to get such thorough 
correction. The forefoot adduction could not be thoroughly corrected, 
and in correcting the equinus the feet were brought up in too much 
valgus, producing flatfoot. Children seem to this editor to be more 
comfortable in plaster casts. Even though plaster casts cost more and 
require more time and skill in their application, this editor is willing to 
go to this extra trouble to get a better result. ] 

The Moreaus *** made a study of the roentgenograms of talipes 
valgus and varus because they were not able to find any roentgenographic 
studies of these conditions. They describe their technic, which requires 
exposure of one second. Midpoints are marked on the bones and lines 
drawn which indicate the inclination of the bones. [Ep. Nore: One 
of us (J. H. K.) found that a better roentgenogram can be obtained 
of the foot of a struggling crying baby by increasing the kilovoltage 
and reducing the exposure to one quarter or one tenth of a second. | 

Imhauser *** describes a new instrument which has been found of 
value in the application of plaster casts in cases of congenital clubfoot 
and contracted flatfoot. One advantage is that the patient complains 
much less of pressure pain even in the maximal position of correction. 
The instrument is made of light metal and was devised to maintain the 
foot in the best possible corrected position in the cast after preliminary 
redressing. In ordinary casts there is always a tendency for the foot 
to work its way back into more or less faulty position. The mode of 
application is described in detail, and illustrations show the shape of 
the instrument and its use. The instrument is applied over a thin wadding 
before the cast is applied with one end protruding and forming a sort 
of handle or lever with which the position of the foot can be governed. 
After the cast has hardened the instrument is removed. 


IV. CONGENITAL DISLOCATION OF THE HIP 


Causation—According to Storck *** congenital dislocation of the 
hip is due to lack of space in the uterus caused by placenta praevia, 
retroflexio uteri, uterus arcuatus, uterus bicornis or breech position. 
The primary factor seems to be the last mentioned. There seems also 


152. Moreau, M. H., and Moreau, J. E.: Roentgen Study of Talipes Valgus 
and Talipes Varus, Prensa méd. argent. 28:337-340 (Feb. 5) 1941. 

153. Imhauser, G.: Instrument for Application of Corrective Cast in Congenital 
Clubfoot and Contracted Flatfoot, Ztschr. f. Orthop. 71:265-268, 1940. 

154. Storck, H.: Etiology and Early Diagnosis of Congenital Dislocation of the 
Hip, Med. Klin. 36:342-343 (March 29) 1940. 
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to be a connection between breech presentation and hereditary twin 
births. Leun*** reports the case of a mother who delivered 2 children 
in 1936 and 1937, respectively, in breech presentation and delivered 
a child with facial presentation and dislocation of the left hip in 1939. 
In 1940 she again delivered a child in breech presentation. Although 
the child with dislocation of the hip was delivered in facial presentation, 
it is possible that this had been preceded by breech presentation which 
changed during the last weeks of pregnancy. The facts that the mother 
herself was a twin and that twins occurred twice among her siblings 
support the theory of a relation between breech presentation and twin 
pregnancy. Further investigation is urged as to the relations between 
dislocation of the hip, intrauterine lack of space, breech presentation 
and twin pregnancy. 

Miuller-Alberti *** states that besides the large number of constitu- 
tional congenital dislocations of the hip there is a smaller group of 
teratologic congenital dislocations of the hip; the former are endogenous 
in origin, the latter exogenous. The two types can be distinguished 
both clinically and roentgenologically. A case is described in which 
torsion of the umbilical cord about a leg was the cause of the deformity. 
A sister of the patient had congenital torticollis which presumably had 
developed prenatally owing to abnormal intrauterine conditions. 

Chapple and Davidson *** have studied the intrauterine positions oi 
the fetus by determining the position of comfort of the newborn child. 


This position in the case of congenital deformities corresponds with a 
fixed position within the uterus which could explain the development 
of the deformity. They present illustrations of congenital dislocation 
of the hip, genu recurvatum, torticollis and clubfoot in proof of their 
theory. 


Emphasis is placed on the importance of routine determination of 
the position of comfort in all newborn babies “as an aid in the inter- 
pretation of existing deformities and as a means of anticipation and 
prevention of bone and joint abnormalities.” 

[Ep. Note: This is an interesting study of the mechanical causation 
of congenital deformities due to intrauterine conditions. | 

Pathologic Nature-——Brundiers *** writes that systematic measure- 
ment of the angle of the femoral neck in cases of congenital dislocation 
of the hip has shown typical coxa valga which increases to the twentieth 

155. Leun, W.: Problem of Insufficient Intrauterine Space and Dislocation « 
Hip, Zentralbl. f. Gynak. 65:380-383 (March 1) 1941. 

156. Miiller-Alberti, W.: Teratologic Congenital Dislocation: Etiology and 
Pathogenesis, Med. Klin. 37:609-611 (June 13) 1941. 

157. Chapple, C. C., and Davidson, D. T.: Study of Relationship Between Fetal 
Position and Certain Congenital Deformities, J. Pediat. 18:483-493 (April) 1941 

158. Brundiers, A.: Coxa Valga in Congenital Dislocations, Deutsche Ztschr. 1 
Chir. 254: 39-47, 1940. 
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vear with slight differences in male and female patients. He presents 
proof that in the great majority of cases one has not to deal with an 
actual increase of the angle of the neck of the femur but with a fixation 
in the fetal position of coxa valga (150 to 160 degrees). [Ep. Nore: 
It is well known that coxa valga of 150 degrees or more is present in 
the fetus. At birth it may be more than 140 degrees. The degree of 
coxa valga becomes less during infancy and childhood. This is due 
to the mechanics of weight bearing and muscular action in the normal 
hip. The persistence of the earlier degree of coxa valga has been fre- 
quently noted in children with early infantile paralysis which has inter- 
fered with the normal mechanics of weight bearing and the muscular 
function of the hip. One may suspect a similar explanation of the per- 
sistence of coxa valga in dislocation of the hip. | 

Severin *°® demonstrates the advantages of arthrography of the hip 
by injecting a contrast medium into the hip joint. It assists in outlining 
the structures of the joint and in revealing the abnormal anatomic 
characteristics. 

Treatment.—(a) Prevention: Frejka**® states that prevention of 
congenital dislocation of the hip can be accomplished only during the 
first half year. During this period 20 per cent of congenital pelvic 
dysplasias undergo spontaneous correction. In 60 per cent there occurs 
spontaneous healing in the subluxated position. It seems probable that 
the position of the hip in this 60 per cent could be influenced during 
the first three months by a simple abduction position. An abduction 
splint is sewed into the ordinary swaddling cushion and keeps the limbs 
in permanent abduction. Routine abduction exercises may be given. 


(b) Reduction: Kopits ** writes that the greatest obstacle to reduc- 
tion by the Lorenz method consists in marked shortening of the adduc- 
tors. In those cases in which the leg is considerably shorter and in 
which the trochanter accordingly is high, reduction by the Lorenz 
method can be accomplished practically only at the expense of rupturing 
the adductors or by loosening their attachments at the points of inser- 
tion. With the author’s method of reduction the stretching of the 
adductors is not required for the reduction per se but needed only for 
adjustment of the limb afterward into the primary Lorenz position. 
The child is placed on the normal side on the operating table. An 
assistant fixes the pelvis by holding the symphysis with one hand and 
the iliac spine of the affected side with the other. The operator seizes 

159. Severin, E.: Arthrograms of Hip Joints of Children, Surg., Gynec. & Obst. 
72:601-604 (March) 1941. 

160. Frejka, B.: Prevention of Congenital Dislocation of Hip with Abduction 
Pad, Wien. med. Wchnschr. 91:523-524 (June 21) 1941. 

161. Kopits, J.: Treatment of Congenital Dislocation of the Hip by Anterior 
Rotation of Femur, Orvosi hetil. 85:131-133 (March 15) 1941; Rational Therapy of 
Congenital Dislocation of the Hip, ibid. 84:513-514 (Oct. 5) 1940. 
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the limb above the knee joint with his left hand so that he can feel the 
femoral condyles. The limb is sharply adducted and rotated inward to 
the required degree, while the operator places his right thenar eminence 
on the greater trochanter. With steady traction on the limb the tro- 
chanter is now forced downward and forward with the right hand: 
this enables the caput to slip easily into the acetabulum. The child js 
then placed on the back without relaxation of the traction. The adduc- 
tors are slowly stretched, while the limb is now brought into the cor- 
rect position of Lorenz. In the deeply narcotized child the stretching 
of the adductors can be accomplished in this way without rupture. Great 
force should never be used in reduction. The author has used this 
method for thirty years in the majority of his 2,800 cases. [Ep. Nore: 
This method of reduction somewhat resembles the method employed by 
G. G. Davis, who secured reduction by pressure of the palm of the 
hand on the great trochanter to force the head forward into the acetab- 
ulum while the thigh was flexed at the hip.] 

(c) Results of Bloodless Reduction: Severin *** has made a study 
of 454 hips in which primary bloodless reduction was done between 
the years 1913 and 1932. The end results five to twenty-seven years 
after reduction were as follows: (1) perfect (normal in roentgen appear- 
ance ), 4.24 per cent ; (2) moderate deformation of the head in the acetab- 
ulum, 7.14 per cent; (3) dysplasia, not subluxation, 8.04 per cent; 
(4) subluxation, 43.75 per cent; (5) head in a secondary acetabulum in 
the upper part of the original acetabulum, 12.95 per cent; (6) redislo- 
cation above the primary acetabulum, 16.96 per cent ; (7) not reexamined, 
6.92 per cent. 

Functional results were better than the anatomic results, but function 
became impaired with advancing years unless the anatomic structures 
were normal or nearly normal. 

Arthrographic studies showed that the joint space enlarges gradually 
after reduction. 

These studies support the modern view that only seldom do perfect 
hips develop after bloodless reduction and that the majority result in 
subluxation and luxation. They indicate the necessity for some surgical 
procedure as soon as subluxation begins to appear. 

[Ep. Note: This is a supplementary study to that reviewed in 


“Progress in Orthopedic Surgery for 1940,”7* to which the reader 
should refer. ] 


162. Severin, E.: Late Results of Closed Reduction of Congenital Dislocation 
of the Hip and Arthrographic Studies of Recent Cases, Acta chir. Scandinav. 
(supp. 63) 84:1-142, 1941. 

163. Progress in Orthopedic Surgery for 1940: A Review Prepared by an 
Editorial Board of the American Academy of Orthopaedic Surgeons, Arch. Surg 
43: 492-493 (Sept.) 1941. 
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Schede *** reports the results of treatment of congenital dislocation 
of the hip during the past fifteen years at his orthopedic clinic at the 
University Hospital in Leipzig, Germany. He defines cure and describes 
the preliminary result lasting to puberty and final or end results. 
Treatment consists of early treatment and after-treatment. The former 
consists of fixation in bilateral casts, even in cases of unilateral disloca- 
tion. For after-treatment the child is placed in an open cast when 
resting and given a tricycle for exercise. The tricycle permits grading 
of strain and adjustment to desired degree of abduction. The functional 
restitution is followed up by roentgen therapy, and the joint is usually 
weight bearing one-half year after beginning of the functional treat- 
ment. The disturbances developing during puberty are described, and 
the indications for plastic intervention on the acetabulum are given. 
It is indicated in cases in which long treatment by conservative measures 
has been without success. The best age for operation is discussed. 


(d) Operative Treatment: Ryerson’s ** innovation consists of the 
use of a rectangular piece of bone from the side of the ilium. He 
drives this into the ilium immediately above the head of the femur in 
such a manner that it is directed downward over the outer side of the 
head. [Ep. Nore: The importance of constructing the shelf so that it 
is an integral part of the roof of the acetabulum has for a long time 
been emphasized. Unfortunately, the illustrations accompanying Ryer- 
son’s article demonstrate that this has not been uniformly accomplished. 
A gap is left between the shelf and the roof of the acetabulum. The 
only novelty in this operation is the use of a piece of bone taken from 
the posterior portion of the side of the ilium. It is an improvement 
only over faulty methods of shelf construction, which are indeed too 
prevalent. } 

Lucas *** elevates a flap of bone from the side of the ilium above 
the original acetabulum. His method differs from the usual procedure 
in that the free border of the flap is below and its base above. This 
flap is pried outward and held in this position by a wedge of bone 
which is inserted between the flap and the ilium and which fills in the 
gap made by prying the flap outward. A solid wide ledge or buttress 
of bone is thus constructed above the acetabulum. The head of the 
femur still covered with capsule is then placed beneath this buttress. 
The author reports 9 cases in which the result of this operation was 


164. Schede, F.: Results of Author’s Therapy of Congenital Dislocations of the 
Hip, Ztschr. f. Orthop. 71:3-67, 1940. 

165. Ryerson, E. W.: Improved Shelf Operation at Hip, J. Bone & Joint Surg. 
23:782-787 (Oct.) 1941. 

166. Lucas, L. S.: Shelf Operation for Congenital Dislocation of Hip: New 
Technique for Old Irreducible Dislocation, J. Bone & Joint Surg. 28:819-829 (Oct.) 
1941, 
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satisfactory. The illustrations support his statement. [Ep. Nore: 
One can see some difficulties and dangers attendant on this method 
of operation, but the author has apparently successfully avoided them. 
Many years ago one of us (A.B.G.) tried to turn a bone flap upward 
in a similar manner but finding it difficult to do without breaking it 
off at its base gave up the idea. The author properly emphasizes the 
advantage of the extracapsular operation. His operation seems well 
worthy of trial in suitable cases. | 

In a study of private patients at the University of Toulouse, France, 
Charry *** analyzes conditions favoring development of severe limping. 
Efficient treatment must be directed against each of three elements of 
the disorder: limping, pain and fatigue. Therefore he recommends the 
following measures: constructing a low shelf, subtrochanteric osteotomy 
for support, straightening osteotomy, shortening of one extremity for 
inequality of length and drilling of the neck of the femur in cases in 
which arthritis deformans is present. He uses his own technic for 
establishing the low shelf without section of the gluteus muscles, while 
for osteotomy he uses the wire method and malleable osteosynthesis 
plates. For shortening of the limb he also uses his own technic, a 
modification of Hugo Camera’s method. Cosmetic results are excellent. 
For poor union of fractures of the femoral neck he uses the same 
methods as for congenital dislocation but prefers subtrochanteric oste- 
otomy for support for better functioning of the limb. 

Bonadeo Ayrolo and Anibaldi *** present reports of 2 cases to illus- 
trate the results of osteotomy of the femur in the treatment of inveterate 
congenital dislocation of the hip. Subtrochanteric osteotomy was devised 
as a palliative operation for old inveterate and posterior dislocations of the 
hip. The indications for these extra-articular corrective interventions 
are pain, fatigue and deformity. The 2 patients here described had 
bilateral dislocations. One patient was 16 and the other 22 years of age. 
One was treated with high and the other with low osteotomy. The latter 
gave good immediate results, and the functional results after five years 
were satisfactory, permitting the patient to continue his work. 


The operation of high osteotomy was done on the other patient 
nine months before the time of writing. The pain and the fatigue dis- 
appeared completely, but the external deformity persisted, possibly 
influenced to some extent by the obesity of this patient. 


167. Charry, R.: Present Status of Surgery of Hip in Inveterate Insufficiency 
(in Congenital Luxation or Following Fracture of the Femoral Neck) with Extreme 
Claudication: Results of Author’s Practice, Cir. ortop. y traumatol., Habana 8: 
37-49 (April-June) 1940. 

168. Bonadeo -Ayrolo, A., and Anibaldi, N.: Inveterate Congenital Luxation of 
the Hip, Osteotomy of Femur in Therapy: Cases, Semana méd. 2:1482-1484 
(Dec. 26) 1940. 
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Vv. CONDITIONS INVOLVING GROWING AND ADULT BONE 


The Thyroid Gland and the Skeletal System—The gross and obvious 
changes produced by hypothyroidism are those of the cretin dwarf. 
Wilkins and Fleischmann **° summarize their studies, which they con- 
sider “only a beginning in the search for more specific and objective 
methods of measuring the function.” Among 92 patients with dwarfism 
the condition of only 42 could be definitely attributed to a deficiency in 
thyroid secretion. One woman aged 20 probably had a mixed pituitary- 
thyroid deficiency ; the thyroid inadequacy was proved by a biopsy which 
showed an atrophic gland. In the remaining cases, though at times there 
were suggestions of glandular deficiency, the condition could not be 
blamed on a deficient thyroid gland. Since the usual skeletal changes 
may be simulated by other diseases, it is desirable to note other functions, 
e. g. mental sluggishness, dryness of the hair, depressed cardiac output 
and pulse rate, grayish coloring of the face and mottling of the skin. In 
addition laboratory tests are of value. The basal metabolic rate is dif- 
ficult to determine in these children and is only partly reliable and should 
not be considered a specific diagnostic procedure. On the other hand, a 
high cholesterol value is suggestive and the use of thyroxin produces 
changes that are valuable diagnostically. A single dose of 2 to 4 mg. 
of thyroxin will produce an appreciable drop in the serum cholesterol 
lasting for one or two months before return to the original level, 
whereas in the normal child only a slight transient change will be noted. 

Epiphysial dysgenesis, Wilkins **’ states, is also characteristic of 
hypothyroidism. In this condition the developing epiphysial caps do 
not develop from a single focus but show multiple irregular foci, i. e. 
a picture of stippling or fragmentation. Under thyroid therapy these 
areas enlarge and coalesce to produce a normal-looking epiphysis. 

The specificity of thyroid action on cretins is revealed by Beard,’ 
who treated a 16 year old patient with anterior pituitary extract and 
found no change in any of the usual functions, while desiccated thyroid 
produced prompt improvement in the clinical and laboratory obser- 
vations. No additional benefit could be observed when pituitary extract 
and thyroid gland extract were used together. 

Wilkins and Fleischmann,’® using the thyrotropic hormone of the 
pituitary gland, found that the cretin did not show the normal changes 
in creatine and serum cholesterol. 


169. Wilkins, L., and Fleischmann, W.: Diagnosis of Hypothyroidism in Child- 
hood, J. A. M. A. 116:2459-2465 (May 31) 1941. 

170. Wilkins, L.: Epiphysial Dysgenesis Associated with Hypothyroidism, 
\m. J. Dis. Child. 61:13-34 (Jan.) 1941. 

171. Beard, E. E.: Cretinism: Lack of Response to Anterior Pituitary Growth 
Principle, J. Clin. Endocrinol. 1:293-296 (April) 1941. 
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The effects of hyperthyroidism on the skeleton are again brought 
to attention by Mansbacher.** He reports the cases of 2 patients, 
women near 60, who had had hyperthyroidism for a long time and who 
showed generalized decalcification. The causative relationship is 
demonstrable by the artificial stimulation of the metabolism by desic- 
cated thyroid, after which the increased calcium excretion is appreci- 
ably lower in the patient with myxedema than in the normal person. 
The author suggests that in all patients with thyrotoxicosis pain in the 
spine or the extremities be studied for porosis and expresses the opinion 
that the administration of a high calcium and vitamin diet should be 
helpful. In Brunner’s*** report on 22 patients with hyperthyroidism 
there were 10 cases of malacia. In the 2 worst cases the patients were 
women. He too feels that it is right to attribute the decalcification to 
the hyperthyroidism. 

Parathyroid Glands and Bony Changes.—The importance of the 
parathyroids in the control of bone structure and density has been fairly 
well established in recent years. The correlation of the changes in these 
two structures is still being reported in the literature, but the simplicity 
of the causal relationship is being challenged. More and more the kidney 
is to be found entering the picture. Leverton *** presents a fairly concise 
description of the role of the parathyroid hormone in calcium metab- 
olism. Brunner *** reports a case of osteitis fibrosa cystica in which 
hyperparathyroidism and calcium diabetes were cleared up by parathyroid- 
ectomy. Gentile, Skinner and Ashburn *** have collected a number of 
described cases of parathyroid tumors and add 1 of their own of malig- 
nant lesion of this gland. Their patient showed marked decalcification 
with fractures. . Removal of the gland was followed by healing of the 
fractures and recalcification of the bones. Wise*™? and Chapman ** 
each report a case in which the patient had adenoma of the parathyroids 
with giant cell tumor changes. Wise noticed a restoration of the 
skeletal system and the blood calcium following removal of the tumor. 


172. Mansbacher, K.: Osteoporosis in Hyperthyroidism, Internat. Clin. 3:221- 
224 (Sept.) 1941. 

173. Brunner, W.: Osteoporosis and Calcium Metabolism in Hyperthyroidism, 
Deutsche Ztschr. f. Chir, 254:133-149, 1940. 

174. Leverton, W. R.: Parathormone and Vitamin D: Calcium and Phosphorus 
Metabolism, M. Bull. Vet. Admin. 17:266-273 (Jan.) 1941. 

175. Brunner, W.: Calcium Diabetes (Recklinghausen’s Osteitis) as Classic 
Form of Hyperparathyroidism: Case with Recovery After Extirpation of Para- 
thyroid Adenoma, Arch. f. klin. Chir. 199:429-438, 1940. 

176. Gentile, R. J.; Skinner, H. L., and Ashburn, L. L.: Parathyroid Glands: 
Malignant Tumor with Osteitis Fibrosa Cystica, Surgery 10:793-810 (Nov.) 
1941. 

177. Wise, I. M.: Osteitis Fibrosa Cystica, South. Surgeon 10:819-824 
(Nov.) 1941. 

178. Chapman, H. S.: Hyperparathyroidism, West. J. Surg. 49:386-397 (July) 
1941. 
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In this case, however, it is noted that renal calculi appeared. Siris ** 
also found renal calculi in his patient with osteitis fibrosa cystica. 
Jelke,**° basing his extensive article on his studies of a woman with 
osteitis fibrosa cystica with parathyroid adenoma, finds many changes 
to indicate renal damage. Removal of the tumor resulted not only in 
an improved skeleton but was also followed by marked improvement 
of the kidney involvement. 

Ginzler and Jaffe *** report finding consistent changes in the skeletal 
system, such as fibroporotic resorption accompanied by new bone 
formation in a patient with chronic renal insufficiency. In cases of this 
sort the parathyroids show hyperplasia, but this change is believed 
to be secondary. The primary factor is the chronic acidosis of renal 
insufficiency. 

Eger,’** in one of a series of studies, establishes the effect of kidney 
changes by the experimental route. Renal damage was produced by 
uranium nitrate. In a few weeks bone changes of the osteitis fibrosa 
cystica type appeared. In some of the animals hypertrophy of the 
parathyroids appeared. Eger feels that the bone changes were the 
direct result of the acidosis. 

Albright, Burnett, Cope and Parson *** present a case in which the 
skeletal porosis was fitted into the multiple skeletal changes in a dif- 
ferent pattern. Their patient had a solitary bone cyst which led to a 
fracture. Therapeutic immobilization led to osteoporosis of disuse, 
which resulted in hypercalcemia with kidney damage. In their case 
at operation there was no parathyroid hypertrophy; for this reason 
they express the opinion that the increased blood calcium should not 
per se be considered evidence of parathyroid hyperfunction. They 
reemphasize the fact that mobilization of the bone salts can be the 
result of the reduced osteoblastic activity that ensues when normal 
stress and strain are removed. 

In the matter of therapy Rubenfeld *** calls attention to the value 
of roentgen therapy of the glands in the cure of osteitis fibrosa cystica. 


179. Siris, I. E.: Hyperparathyroidism: Report of Case of Osteitis Fibrosa 
Cystica, with Pathologic Fracture and Renal Calculi Cured by Removal of Para- 
thyroid Adenoma, New York State J. Med. 40:1788-1795 (Dec. 15) 1940. 

180. Jelke, H.: Hyperparathyroidism, with Special Reference to Role in Etiol- 
ogy of Generalized Osteitis: Case with Severe Renal Changes, Acta med. 
Scandinav., 1940, supp. 114, pp. 1-67. 

181. Ginzler, A. M., and Jaffe, H. L.: Osseous Findings in Chronic Renal 
Insufficiency in Adults, Am. J. Path. 17:293-302 (May) 1941. 

182. Eger, W.: Further Studies on Experimental Osteitis Fibrosa, Virchows 
Arch. f. path. Anat. 306:183-192, 1940. 

183. Albright, F.; Burnett, C. H.; Cope, O., and Parson, W.: Acute Atrophy 
of Bone (Osteoporosis) Simulating Hyperparathyroidism, J. Clin. Endocrinol. 
1:711-716 (Sept.) 1941. 

184. Rubenfeld, S.: Hyperparathyroidism: Its Treatment with Roentgen 
Irradiation, Am. J. Roentgenol. 46:224-231 (Aug.) 1941. 
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In his case surgical exposure for the parathyroids failed to show the 
glands; roentgen therapy was therefore resorted to. Although the 
chemical changes were not remarkable, symptomatic relief was obtained 
in conjunction with evidence of bone cyst repair. 

From the point of view of roentgen diagnosis Schatzki *** offers a 
differentiation between the film appearances of osteitis fibrosa cystica 
of parathyroid origin and osteodystrophic fibrosa (Albright). In the 
first condition the cystic areas are usually sharply punched out and 
frequently associated with generalized osteoporosis. The second con- 
dition, however, is unilateral, is found in otherwise healthy-looking bone 
and is characterized by fuzzy edges. Couch and Robertson ** call atten- 
tion to the fact that pagetoid changes can be noted in the roentgeno- 
grams of patients with hyperparathyroidism. They express the belief 
that this is due to exacerbations and remissions in the activity of the 
glands. 

The importance of not blaming the parathyroids for all fibrocystic 
diseases is stressed by Thomas and associates *** and Neller.*** In 
their cases the absence of calcium and phosphorus changes in the blood 
and the associated skin changes led them to believe that multiple 
embryonic defects were responsible. 

The Pituitary Gland and the Skeletal System—lIt has long been 
known that the pituitary gland affects the growth of the skeletal system. 
Gigantism and acromegaly have been attributed to this. It has even 
been believed that the calcium and phosphorus content of the bones is 
affected indirectly by this gland. But the theory has been that alkaline 
pituitary extract causes hypertrophy of the parathyroids, which in turn 
causes hypercalcemia that results in a body loss of calcium. Bauer and 
Aub *** however, differ with this concept. In a study of 5 cases of 
uncomplicated acromegaly they found that 4 patients showed an increase 
of calcium loss through the urine almost double the amount in normal 
persons. In their cases, however, there was no increase in the blood or 
fecal calcium, thus differentiating the condition from hyperparathyroid 








185. Schatzki, R.: Medical Progress: Diagnostic Roentgenology, Myelography, 
Air Versus Iodized Oil, Fibrocystic Disease of Bone, New England J. Med. 224: 
1101-1107 (June 26) 1941. 

186. Couch, J. H., and Robertson, H. F.: Occurrence of Postoperative Acidosis 
and Pagetoid Bone Changes in Hyperparathyroidism (Due to Adenoma), Surg., 
Gynec. & Obst. 73:165-174 (Aug.) 1941. 

187. Thomas, H. W.; Meredith, T. N., and Wunderly, H. L.: Osteodystrophia 
Disseminata: Report of a Case, J. Pediat. 18:638-642 (May) 1941. 

188. Neller, J. L.: Osteitis Fibrosa Cystica (Albright), Am. J. Dis. Child. 61: 
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decalcification. In 2 of the patients roentgen therapy to the hypo- 
physis improved the acromegalic state and also brought about a normal 
urinary excretion of calcium. They state the opinion, therefore, that 
the calcium metabolism is directly affected by the pituitary gland. 

The association of acromegaly with hyperthyroidism was the sub- 
ject of a study by Davis.*°° In 166 cases of acromegaly the thyroid 
was enlarged in 50 per cent of the cases. The basal metabolic rate 
was correspondingly high. Removal of the thyroids of patients with 
acromegaly was found to be surgically risky. Furthermore, removal 
of the thyroid of these patients did not produce as marked a reduction 
in the basal metabolic rate as in normal persons. An interesting com- 
plication of acromegaly is reported by Woltman.*** Two patients 
with this disease complained of paresthesia and later showed trophic 
changes in the hands that led to the diagnosis of median nerve neuritis. 
In 1 patient section of the annular ligament at the wrist gave complete 
relief ; for this reason the author expresses the opinion that the neuritic 
changes were of mechanical origin. 


Osteomalacia.—Further studies on osteomalacia include the role of 
pregnancy in its production. Liu and associates,’** studying 10 patients, 
show that when adequate vitamin D and calcium are fed to these patients 
no osteomalacia will develop. They state that the bone softening is 
brought about by the increased fetal need for lime salts and not by 
an endocrine disturbance. Albright and associates *** discuss post- 
menopausal osteoporosis and state that it is a disease of deficient osteo- 
blastic activity rather than a disease of calcium metabolism. Disuse 
and senility rather than diet are responsible factors. The postmeno- 
pausal state is the most important causative requirement. 


Osteosclerosis——Generalized sclerosis of the bones has been recog- 
nized and reported as a clinical picture for many years. No satisfactory 
explanation of the causation has been offered. It is, however, likely 
that the hardening of the bone is a clinical manifestation or an end 
result in a number of conditions. Thus it is known that fluorine 
poisoning can produce osteosclerosis. Pandit and associates *** find 


190. Davis, A. C.: Thyroid Gland in Acromegaly: Study of One Hundred and 
Sixty-Six Cases, Tr. Am. A. Study Goiter, 1940, pp. 312-321. 

191. Woltman, H. W.: Neuritis Associated with Acromegaly, Arch. Neurol. 
& Psychiat. 45:680-682 (April) 1941. 

192. Liu, S. H., and others: Calcium and Phosphorus Metabolism in Osteo- 
malacia, Pathogenetic Role of Pregnancy and Relative Importance of Calcium and 
Vitamin D Supply, J. Clin. Investigation 20:255-271 (May) 1941. 

193. Albright, F.; Smith, P. H., and Richardson, A. M.: Postmenopausal 
Osteoporosis: Its Clinical Features, J. A. M. A. 116:2465-2474 (May 31) 1941. 

194. Pandit, C. G.; Raghavachari, T. N. S.; Rao, D. S., and Krishnamurti, V.: 
Endemic Fluorosis in South India: Study of Factors Involved in Production ot 
Mottled Enamel in Children and Severe Bone Manifestations in Adults, Indian 
J. M. Research 28:533-558 (Oct.) 1940. 
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that in communities with a fluoride content of drinking water of one 
part per million or over all children show the bony changes in conjunc. 
tion with mottling of the teeth. Adults who have been subjected to 
this water for over fifteen years have likewise shown this manifestation 
of fluorine poisoning. Poor dietary control, especially lack of vitamin 
C, seems to be an adjunct of this intoxication. The importance of 
this lack of vitamin was proved by experiments on monkeys.’® Fluor- 
ine intoxication was much more pronounced in animals from whose 
diet vitamin C was excluded. 

In this country Hodges and associates *** demonstrated that unless 
sodium fluoride is present in the drinking water in more than three 
parts per million no osteosclerotic changes will ensue. 

Concerning the association of osteosclerosis with changes in the 
hemopoietic system, Horwitz **? reports a case in which this manifesta- 
tion, although asymptomatic, was found in a monomelic medullary 
distribution. The sclerotic changes were slowly progressive and dif- 
fuse, showing a compact appusition of irregular fragments of immature 
and mature bone with an irregular structure. All parts of the bone 
except the periosteum were affected. Laboratory tests gave negative 
results. The author postulates that this condition is of congenital origin 
but admits that the causation is to be proved. 

Carpenter and Flory *®* report a case of generalized diffuse osteo- 
sclerosis associated with generalized fibrosis of the bone marrow with 
an erythromyelomegakaryocytic blood picture. There is splenomegaly 
with myeloid metaplasia. They state that this is the result of progres- 
sive hyperplasia of the mesenchymal tissues produced by an unknown 
stimulus. 

Kramer *® reports the cases of 2 brothers with marble bones, and 
although he calls attention to the increase in myelocytes, he stresses 
the concurrent anemia. Baker and Jones *° also found this syndrome 


195. Pandit, C. G., and Narayana Rao, D.: Endemic Fluorosis in South India: 
Experimental Production of Chronic Fluorine Intoxication in Monkeys (Macaca 
Radiata), Indian J. M. Research 28:559-574 (Oct.) 1940. 

196. Hodges, P. C.; Fareed, O. J.; Ruggy, G., and Chudnoff, J. S.: Skeletal 
Sclerosis in Chronic Sodium Fluoride Poisoning, J. A. M. A. 117:1938 (Dec. 6) 
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197. Horwitz, T.: Monomelic Medullary Osteosclerosis of Unknown Etiology, 
Radiology 36:343-351 (March) 1941. 

198. Carpenter, G., and Flory, C. M.: Chronic Nonleukemic Myelosis: Report 
of Case with Megakaryocytic Myeloid Splenomegaly, Leukoerythroblastic Anemia, 
Generalized Osteosclerosis and Myelofibrosis, Arch. Int. Med. 67:489-508 (March) 
1941. 

199. Kramer, H.: Albers-Schénberg Marble Bone Disease, Miinchen. med. 
Wehnschr, 88:132-133 (Jan. 31) 1941. 

200. Baker, L. D., and Jones, H. A.: Osteopathia Condensans Disseminata, 
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in 2 members of a family, a 14 year old boy and his sister. In their 
cases there was spotted bony condensation (osteopoikilosis). 

Fragilitas Ossium—Riesenman and Yater* investigating 255 
members of seven family groups found 91 who showed familial bone 
jragility. The characteristic associated changes of blue scleras and 
otosclerosis were noted. The authors stress the importance of ortho- 
pedic care and, since there is a marked decrease in the number of frac- 
tures at the onset of puberty, suggest the prenatal and postnatal use 
of thymus extract. In Bornebusch’s °° article much the same obser- 
vations are made, although the author points out that the diaphysis is 
frequently the point of fracture, particularly in the lower extremities. 
Loesche 2°° adds the observation that pregnancy has a deleterious effect 
on the osteogenetic defect, so that he considers an induced abortion 
with sterilization may be indicated. 

Rickets——The responsibility of rickets for bow leg deformities is 
challenged by Blount.?** He calls attention to a form of bowing at 
the upper tibial epiphysis which he assumes to be the result of an osteo- 
chondrosis similar to that seen in coxa plana. [Ep. Note: He does 
not substantiate his impression by offering reports on the microscopic 
appearance of the cartilage. | 

The treatment of rickets is accorded a considerable amount of 
attention. Wagner and Jones °° find that in cases of impaired gastro- 
intestinal absorption of cod liver oil, the vitamin D can be given by 
skin administration. The amount used must be greater than that used 
orally. No skin irritation is reported to ensue. Effective therapeusis 
is obtained in two weeks after onset of such treatment. 

Turk, in a series of articles, proves again that oral administration 
of vitamin D, is reliable in a fairly large series (30 cases). Vitamins 
D, and D, can also be used effectively intramuscularly. Bohm ** 
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injected 15 mg. of vitamin D, intramuscularly in 5 rachitic infants and 
obtained full recovery. Vitamin D, similarly used gave a full, rapid 
recovery, too. 

The mechanism of the therapeutic effect of vitamin D is studied by 
Harrison and Harrison.*°* They believe that the rachitic state results 
from faulty absorption of calcium from the intestinal tract. This pro- 
duces hypocalcemia which stimulates the parathyroids to overactivity, 
so that a low serum phosphorus is secondarily produced. The vitamin 
D, exerting a direct effect on the renal tubular cells, causes reabsorption 
of the phosphate. 

The effect on the serum acid phosphatase after the injection of 
vitamin D, is reported by van Creveld and Mastenbroek.*° In active 
rickets there is a high serum phosphatase, while in healed rickets it is 
of a normal level. Vitamin D, injected in single massive doses gave 
quick healing. Mouriquand and associates,”*° working with experi- 
mental rickets find that the roentgen evaluation is not the truest test 
for rachitic activity. The chemical test is most reliable. 

Dwarfism as a result of rickets is receiving analytic study. Boyd 
and Stearns *™" report 3 patients with late rickets, 2% years, 7 years 
and 8 years of age. In each the disease began in infancy and was 
attended by marked retardation of growth, hypophosphatemia not 
responsive to vitamin D, osteoporosis,’ ricket-like epiphyses and under- 
nutrition. In their 2 youngest patients there was also glycosuria, while 
in the third one there were noted polyuria and polydipsia without 
glycosuria. 

That dwarfism of rickets is really a condition of underdevelopment 
associated with calcium and phosphorus metabolic disturbances with 
abnormal effects on the kidneys and the endocrine glands is brought out 
by a number of authors. Gittleman and Pincus **? state that the course 
of events is probably as follows: A primary dysfunction of the anterior 
pituitary results in hyperketonuria and hepatomegaly. There ensues 





208. Harrison, H. E., and Harrison, H. C.: Renal Excretion of Inorganic 
Phosphate in Relation to Action of Vitamin D and Parathyroid Hormone, J. Clin. 
Investigation 20:47-55 (Jan.) 1941. 

209. van Creveld, S., and Mastenbroek, G. G. A.: Serum “Acid” Phosphatase 
in Rickets After Injection of One Large Dose of Vitamin D;, Acta brev. Neerland. 
11:5-9, 1941. 

210. Mouriquand, G.; Leulier, A.; Coeur, A., and Edel, V.: Comparison of 
Roentgenologic Signs and Chemical Examination of Bones in Evaluation of Cure 
of Experimental Rickets, Compt. rend. Soc. de biol. 134:144-146, 1940. 

211. Boyd, J. D., and Stearns, G.: Late Rickets Resembling Fanconi Syndrome, 
Am. J. Dis. Child. 61:1012-1022 (May) 1941. 

212. Gittleman, I. F., and Pincus, J. B.: Rickets Associated with Dwarfism, 
Glycosuria, Ketonuria and Albuminuria, Am. J. Dis. Child. 60:1351-1370 (Dec.) 
1940. 
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acidosis with hypophosphatemia, i. e. rickets. Charnock *** and Davis 
and Rossen 2"* likewise state that these factors are involved, although 
they shuffle them about in a somewhat different sequence. 


Osteitis Deformans.—In the domain of Paget’s disease, or osteitis 
deformans, there are reported three complications of intraspinal involve- 
ment. Hillman 2° reports 1 case in which compression of the eord 
took place when the vertebrae expanded so as to reduce the lumen for 
the cord. In another patient the cord pressure resulted from fracture 
of the altered bone. MacKay ** reported 2 cases of protruded inter- 
vertebral disk in Paget’s disease. 


VI. TUBERCULOSIS OF BONES AND JOINTS 

General Considerations Rosencrantz, Piscitelli and Bost *** have 
made a study of the orthopedic patients with tuberculosis who entered the 
San Francisco Hospital in the tuberculosis service of the University of 
California from January 1920 to July 1935. 

Of 4,252 patients with tuberculosis, 160, or 3.76 per cent, had two 
or three tuberculous bone and joint lesions, which were usually second- 
ary to some other tuberculous focus, most frequently in the lungs. Of 
these 160 patients, 73.7 per cent had chronic pulmonary tuberculosis ; 
26.3 per cent had no pulmonary involvement but had fifty-three bone 
and joint lesions, or 26 per cent of the orthopedic lesions. Of these 
patients with fifty-three lesions, 34 with forty-five of the lesions had 
manifestations of tuberculosis elsewhere, in bone and joints or the skin 
or as adenitis. In only 8 was one joint the sole focus of tuberculosis. 

When tuberculous bone and joint lesions are associated with pul- 
monary disease, the outcome is greatly influenced by the degree of lung 
involvement and is particularly serious in the moderately advanced and 
far advanced stages. The care of orthopedic lesions should be secondary 
in importance to that of the pulmonary disease. 

The prognosis is more serious in patients who have tubercle bacilli 
in the sputum, in patients in whom there are draining sinuses or multiple 
abscesses and in those with a focus of tuberculosis other than pulmonary. 


213. Charnock, D. A.: Renal Rickets, J. Urol. 44:850-859 (Dec.) 1940. 

214. Davis, P. G., and Rossen, J. A.: Renal Rickets, J. Pediat. 18:103-116 
(Jan.) 1941, 

215. Hillman, R. W.: Compression of Spinal Cord in Paget’s Disease, Brooklyn 
Hosp. J. 3:155-162 (July) 1941. 

216. MacKay, A. R.: Association of Protruded Intervertebral Disk and Paget’s 
Disease of Pelvic Bones: Report of Two Cases, Proc. Staff Meet., Mayo Clin. 16: 
138-140 (Feb. 26) 1941. 

217. Rosencrantz, E.: Piscitelli, A., and Bost, F. C.: Analytical Study of Bone 
and Joint Lesions in Relation to Chronic Pulmonary Tuberculosis, J. Bone & Joint 
Surg. 23:628-638 (July) 1941. 
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The mortality statistics in relation to treatment were as follows: 
Of 88 patients treated by rest or immobilization only, 49 died ; the lesions 
of 10 were unimproved ; the lesions of 15 were improved, and 14 of the 
patients recovered. Of 72 patients treated by operation 29 died: the 
lesions of 6 were unimproved ; the lesions of 21 were improved, and 16 
of the patients recovered. The mortality rate was greater in the cases 
in which there was pulmonary involvement (51 per cent) than in the 
cases in which there was no pulmonary involvement (38 per cent) and 
greatest in those in which there were multiple joint lesions. 

The authors make note of the fact that the mortality rate was higher 
among patients of the yellow, mixed and Negro races and stress the 
importance of careful consideration of each patient before operation is 
undertaken. They emphasize also the necessity of a complete physical 
examination, including routine laboratory work and making roent- 
genograms of the chest for every patient. 

Curtis and Loomis *** report that tuberculosis is the most common 
cause of death among the people of Newfoundland and southern 
Labrador. In the fifteen years from 1923 to 1938, 10 per cent of the 
8,778 admissions to the St. Anthony Hospital of the International 
Grenfell Association, St. Anthony, Newfoundland, were for tubercu- 
losis, and 3 per cent of these were for bone tuberculosis. 

This study analyzes by questionnaire and by examination when pos- 
sible the results obtained in treating 157 of the 175 patients with bone 
tuberculosis admitted during this fifteen year period. The average 
follow-up period was eight and nine-tenths years. The patient’s con- 
dition was considered excellent if he was able to do hard manual labor, 
good if he could do light work, fair if he used a crutch or other type 
of support and poor if he was bedridden. The patients were divided 
into groups: those who had no other clinical evidence of tuberculosis 
and those who had other tuberculous foci or a history of them in the 
lungs, the genitourinary tract, the peritoneum or elsewhere. 

Operative treatment was employed in approximately two thirds of 
the cases in which the spine was involved and in one half of those in 
which the hip, the knee and the ankle were affected. Except for Syme 
amputations in 6 of the 8 cases in which the ankle was involved and in 
which operation was performed and for 1 amputation for extensive 
knee involvement, operation was done to obtain arthrodesis. Upper 
extremity and sacroiliac involvement were treated conservatively except 
for amputation for wrist involvement in 1 case. 

On the basis already indicated, good results were obtained by both 
operative and nonoperative methods in cases of involvement of the 


218. Curtis, C. S., and Loomis, E. G.: Bone Tuberculosis in Northern New- 
foundland, J. Bone & Joint Surg. 23:811-818 (Oct.) 1941. 
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spine, the knee and the ankle, but a higher proportion of good results 
was obtained by operation in cases of involvement of the spine and the 
hip with no other foci of the disease. Operation, however, on the 
patients with other foci did not give any better results than conservative 


therapy. 

The mortality rate for the whole series was 28.7 per cent. In the 
operative group the rate was 9.3 per cent for those patients who did 
not have other foci of the disease and 59.4 per cent for those who did. 
In the nonoperative group it was 17.7 per cent for those without 
additional foci and 50 per cent for those with them. 

The authors state that from this study the futility of operating on 
patients with other tuberculous foci is evident. They feel that in a 
general hospital such as theirs conservative treatment, especially for 
patients with involvement of the spine and the hip, cannot be carried 
out because of the limited personnel trained in orthopedic nursing. 
They emphasize that the time of hospitalization is also a factor and 
point out that operative treatment with discharge from the hospital in 
three to six months is preferable from the viewpoint of both the patient 
and the hospital to conservative treatment requiring several years. 

[Ep. Note: Cleveland has emphasized the influence of an active 
pulmonary lesion, especially one with cavitation and with bacilli in the 
sputum, on the outcome of bone and joint tuberculosis and has demon- 
strated graphically by his statistics compiled at the Sea View Hospital 
in New York that the mortality rate rises markedly in such cases. The 
experience of the authors of the preceding articles confirms this state- 
ment. It undoubtedly is true, however, that if a joint lesion can be 
cured or made quiescent the patient is better able to take care of his 
pulmonary tuberculosis. The fact must not be lost sight of that a fairly 
large number of patients with active pulmonary tuberculosis complicated 
by a joint lesion have recurrence. All of these patients, therefore, 
should not be condemned, but the best judgment should be exercised 
in selecting those who are thought to have a fighting chance, and they 
should be given the benefit of surgical treatment. These unfortunate 
persons have everything to gain and little to lose by such a course. 

The value of the study of the patients in Newfoundland is diminished 
somewhat by the inability of the surgeons to examine them later. A 
study by questionnaire is always subject to many errors. It would be 
helpful to know how many of the patients operated on really obtained 
fusion. ] 

Pathologic Considerations —Auerbach?** concludes from 119 
autopsies on patients with skeletal tuberculosis that this condition is the 
result of a hematogenous spreading before healing of the primary focus. 


219. Auerbach, O.: Tuberculosis of Skeletal System, Quart. Bull. Sea View 
Hosp. 6:117-147 (Jan.) 1941. 
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Eighty-seven patients, or 73 per cent, had spinal involvement with 
multiple vertebrae involved in 82, or 94 per cent, of this number. The 
most frequently involved segments were those from the ninth and eleventh 
dorsal vertebrae. The lesion started most often near the anterior portion 
of the intervertebral disk. In these instances compression of the vertebral 
body resulted. Less commonly the bone retained its firmness, showing 
microscopically a productive process. In 83 of the 87 cases paravertebral 
abscesses were encountered. In 13 of the 87 cases there was external 
pachymeningitis. Joint tuberculosis occurred in 45 cases in either the wet 
or the dry stage. Amyloidosis was present in 35 per cent of the cases, 
and tuberculous meningitis was the cause of death in 13.4 per cent. 


De los Santos **° summarizes a pathologic study of 21 tuberculous 
spines as follows: 


The present study is based upon 74 clinical cases of tuberculosis of the spine 
examined roentgenologically. Twenty-one of these cases came to necropsy and 
the spines [were] studied both roentgenologically and pathologically in an attempt 
to determine the localization, extension and healing of the tuberculous spinal 
infection. 

The intervertebral articular type of the spinal localization has been found 
roentgenologically and pathologically to- be the most common. The incidence is 
greatly increased by the rather large number of cases with posterior juxta- 
articular localization, which generally fails to show roentgenologically until late 
in the disease after marked structural changes have already taken place. The 
central type of localization comes next in frequency. 

The tuberculous infection may find lodgement in a number of distant vertebral 
bodies. As high as 40 per cent of the cases pathologically studied showed multiple 
vertebral localization. 

The spinal infection appears to follow no definite course or pattern and its 
extension depends to a great extent upon its initial localization. While its common 
course is toward the spinal canal and laterally, yet in a few instances it pursues 
its way along the anterior and posterior spinal ligaments with secondary involve- 
ment of the vertebrae and the intervertebral discs. Although the intervertebral 
discs in adults appear vulnerable to the infection, in children in most instances 
the discs are quite resistant to it and escape involvement in spite of destruction 
and even collapse of adjacent vertebral bodies. 

During the extension of the infection sequestra of various sizes are commonly 
formed but they remain generally unrecognizable in the roentgenogram. 

Fine and early sequestra are frequently made up of bone plates or ossified 
epiphyses following invasion by tuberculous granulation tissue. A primary epi- 
physeal involvement, however, has not been seen so far either from the micro- 
scopic examination or in the roentgenogram taken of a slice of the bone. The 
sequestra are commonly found on the anterior and posterior edges of the vertebra 
and are detected only upon roentgenological examination of a thin slice of the 
bone and upon microscopic study. 

220. De los Santos, J. V.: Tuberculosis of Spine: Observations on Localization, 


Extension and Healing; Their Bearing on Diagnosis and Treatment, Bull. Quezon 
Inst. 1:283-341 (Jan.) 1941. 
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Bilateral (kissing) sequestra are at times encountered in spite of the presence 
of intact intervertebral discs. Contrary to Konig’s theory of embolism, their 
formation appears to result from secondary invasion of the bone by granulation 
tissue, as has also been mentioned previously by Phemister. 

Aside from the common subjective and objective symptoms, roentgenological 
manifestations of spinal caries are important in establishing the diagnosis. The 
recognition is based upon the appearance of bone changes—usually in the nature 
of defects—in the various regions of the vertebra, which form the frequent sites of 
localization of the tuberculous infection; namely: intervertebral or juxta-articular, 
central and anterior. 

The presence of abscess shadow about the lesion is an important finding but 
is not essential in the diagnosis. The same holds true with the angular deformity 
or gibbus of the spine. 

Osteoperiostitis along the regions of the anterior and lateral spinal ligaments 
as well as new bone formation on or about the small intervertebral articulations, 
spinous ligaments and ligamenta flava in arrested and healing tuberculous lesions 
is a significant finding. 

Nathanson and Cohen **' report on 200 patients with bone and 
joint tuberculosis (100 adults and 100 children) treated at the Sea View 
Hospital, New York. The pediatric group included all patients up to 
16 years of age; 70 per cent of these were less than 10 years old. In 
the adult group 77 per cent of the patients were between the ages of 
16 and 45. Each case has been verified. 

The spinal column was involved to a much greater extent than any 
other area in both groups, and next in order were the weight-bearing 
joints. A high incidence of small tubular bone disease was noted in 
the younger group. The upper dorsal portion of the spine was more 
frequently involved in the pediatric than in the adult group; the reverse 
was true of the lower dorsal vertebrae. 

In contradistinction to the commonly accepted belief that bone or 
joint tuberculosis is monarticular, 35 per cent of the pediatric patients 
and 28 per cent of the adult patients showed involvement of more than 
one area. Forty-two per cent of the younger patients and 55 per cent 
of the adult patients showed some form of pulmonary tuberculous 
infiltration. Forty-nine per cent of the pediatric patients and 71 per 
cent of the adult patients had paravertebral abscess. 

Marginal involvement of the vertebral body is noted more frequently 
in adults, and the central type of lesion is observed more often in 
children. Collapse of the vertebral body is a late manifestation of 
tuberculosis in the adult group and occurs early in the younger group. 
Disease in the posterior portion of the vertebral body is frequently 
associated with clinical evidence of cord involvement. Primary shaft 
disease is infrequent but not uncommon as a secondary lesion and 


221. Nathanson, L., and Cohen, W.: Statistical and Roentgenologic Analysis of 
(wo Hundred Cases of Bone and Joint Tuberculosis, Quart. Bull. Sea View Hosp. 
6:148-175 (Jan.) 1941, 
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resembles chronic nonspecific osteomyelitis. Tuberculous lesions of the 
membranous bones usually appear as punched-out areas, and the diag- 
nosis can be confirmed only by biopsy. A valuable aid in the diagnosis 
of shoulder, knee, ankle and especially elbow joint tuberculosis is the 
presence of punched-out lesions in the shaft of the long bones adjacent 
to the involved joint. 

The following summary is that of a histologic study by Cohn *** of 
tuberculosis of the spine: 


Histologic data from a study of 13 cases of tuberculous spondylitis are presented 

The intervertebral disk is attacked early in the course of the disease. Th« 
fibrocartilage and nucleus pulposus are destroyed before the hyaline portion of 
the disk. 

The intervertebral disk may be invaded either -directly from the contiguous 
subchondral marrow spaces or from the longitudinal ligaments after these have been 
invaded by the tuberculous process. 

Areas of regenerating osseous and hyaline cartilaginous tissues are found in 
the reparative stages. 

Obliterative endarteritis is a frequent finding in active foci. 


The tuberculous process may extend from one body to another along the longi- 
tudinal ligaments. 


[Ep. Note: The preceding studies as well as the one by Cleveland 
and Bosworth reported at the meeting of the American Academy of 
Orthopaedic Surgeons in January 1942 show convincingly that tuber- 
culosis of the spine is much more frequently multiple than was heretofore 
supposed. There is no doubt that ordinary roentgen studies frequently 
fail to demonstrate lesions in the bodies of vertebrae, especially when 
there has been no collapse of the body or thinning of the intervertebral 
disk. The use of the laminagraph at the New York Orthopaedic 
Dispensary and Hospital, New York, has resulted in the detection of 
lesions which were not shown in ordinary roentgenograms. 

It seems much more logical and in accordance with the known facts 
to assume that the destruction of the intervertebral disk is secondary 
to that of the adjoining. bodies than that a primary infection of cartilage 
occurs. | 

Urinary Complications.—Colombani *** found that of a total of 1,328 
patients with osteoarticular tuberculosis observed from 1923 to 1939 at 
the Heliotherapeutic Institute of Codivilla, Italy, 224, or 16.9 per cent, 
had disease of the urinary system. Among these, 71, or 31.7 per cent (5.4 
per cent of all the patients), had renal tuberculosis ; 59, or 26.3 per cent 
(4.4 per cent of all the patients), had degenerative renal disease; 12, or 


222. Cohn, B. N. E.: Tuberculous Spondylitis: Histologic Study, Arch. Pat! 
32:641-650 (Oct.} 1941. 

223. Colombani, S.: Frequency of Urinary Complications in Tuberculous Oste: 
arthritis, Chir. d. org. di movimento 26:175-186 (Sept.) 1940; abstracted, Internat 
Abstr. Surg. 73:463, 1941; in Surg., Gynec. & Obst., November 1941. 
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5.4 per cent (0.9 per cent of all the patients), had symptoms suggesting 
renal tuberculosis which, however, could not be diagnosed ; 24, or 10.7 per 
cent (1.8 per cent of all the patients), had disorders of the urinary 
system of long standing which did not allow the diagnosis of tuberculosis 
of the kidney or of some other part of the system but suggested it; 
58, or 25.9 per cent (4.4 per cent of all the patients), had temporary 
disorders of the kidneys or of the urinary passages. 

Of the 224 patients with disease of the urinary system, 76, or 33.9 
per cent, had died at the time of writing; in 29, or 13.0 per cent, the 
condition is aggravated ; in 13, or 5.8 per cent, it has remained stationary ; 
in 37 or 16.5 per cent, it has improved; in 11, or 4.9 per cent, it is cured, 
and in 58, or 25.9 per cent, there seem to have been only temporary 
disorders which in general have not interfered with the course of the 
osteoarticular disease. The aggravated and the stationary conditions 
of patients with disease of the urinary system have always led to an 
unfavorable prognosis. 

Cultural and biologic studies of the urinary sediment are indicated 
in every case in which pathologic elements are present in the urine and 
in which even the slightest disturbance is found in the renal function. 
Only by such studies is it possible to diagnose and cure renal tuber- 
culosis. 

Webster *** reports that among 64 adult subjects with bone and 
joint tuberculosis 32, or 50 per cent, were found by cultural method to 
be discharging tubercle bacilli of the human type in the urine. Findings 
except in 4 instances were the result of a single test. Of the 32 patients 
with bacilluria only 10 had urinary tract symptoms; 18 of the 22 
symptomless patients presented red blood cells or excess leukocytes 
or both in the urine, and 4 provided no signs. Cultural investigation 
of the urine of 18 children affected by tuberculosis of bone resulted 
in recovery of tubercle bacilli in 6 instances, all 6 patients displaying 
clinical signs and symptoms indicative of involvement of the urinary 
tract. 

In another group of 117 adult patients with clinical pulmonary 
tuberculosis 30, or 26.5 per cent, exhibited tuberculous bacilluria. 
Symptoms referable to involvement of the urinary tract were present 
in only 11 cases. A critical analysis of the literature convinces the 
author that the theory of excretory bacilluria is untenable, and he states 
that the presence of tubercle bacilli in the urine necessarily implies 
tuberculous infection of the kidney. 

[Ep. Note: One of us (A. D. S.) believes that these articles are 
important in calling attention to the frequency with which tubercle 


224. Webster, R.: Studies in Tuberculosis: Symptomless Tuberculous Bacilluria 
is Observed in Subjects of Osseous and Pulmonary Tuberculosis, M. J. Australia 
2:217-221 (Aug. 30) 1941. 
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bacilli are found in the urine of patients with joint tuberculosis when- 
ever a systematic search is made for them. R. I. Harris, of Toronto. 
reported a similar experience some time ago. Whether every patient 
whose urine contains tubercle bacilli has a surgical lesion of the urinary 
tract is another matter. Although it may be true that the bacilli cannot 
get into the urine without the presence of a lesion in the kidneys, it 


seems from experience that some of these lesions must heal spon- 
taneously. | 


Gland Biopsy—Gellman *** states that thirty-four regional gland 
biopsies were performed in a series of 23 cases of bone and joint disease 
In 7 cases of nontuberculous conditions all cultural tests gave negative 
results, and none of the pathologic reports contained evidence of tubercu- 
losis except in 1 case of recurrent synovitis of the knee in which the 
impression from the sections alone was possible tuberculous adenitis. In 4 
cases of tuberculosis of the hip inguinal gland biopsies were not a satis- 
factory aid in diagnosis. In 12 cases a total of sixteen inguinal, axillary 
and epitrochlear regional gland biopsies were performed for tuberculous 
lesions in the following locations: the foot (one), the ankle (two), the 
lower part of the leg (two), the knee (seven), the wrist (one), the 
sternum (two) and the rib (one). The glandular biopsy test is said 
to have given fifteen positive reactions, or 93.75 per cent. (One case 
in which the histologic diagnosis was probable tuberculous adenitis is 
included.) In 5 of the cases control examination of inguinal lymph 
nodes from the opposite apparently unaffected lower extremity did not 
yield evidence of tuberculosis in 4 cases and did show evidence in | 
case in which a skin tuberculid was suspected. The author has found 
regional glandular biopsy to be a valuable diagnostic aid. 

Agerholm-Christensen **° recommends biopsy of regional lymph 
nodes in cases of chronic disease of bones and joints in which the course 
is in doubt on the basis of literature quoted and 1 case of his own. 
He resected a tuberculous metatarsophalangeal joint in a 30 year old 
woman and found tuberculosis in distal crural lymph nodes removed 
at the same time. 

[Ep. Note: Increasing experience seems to show that the regional 
lymph nodes are frequently involved in cases of joint tuberculosis. 
The finding of such nodes gives strong confirmation of the presence 
of tuberculosis in the joint but does not establish the diagnosis with 
absolute certainty. We still are of the opinion that for this reason 
biopsy of the joint tissue is the preferred method in doubtful cases.| 


225. Gellman, M.: Regional Glandular Biopsy in Diagnosis of Bone and Joint 
Tuberculosis, Bull. School Med. Univ. Maryland 25:135-149 (Jan.) 1941. 

226. Agerholm-Christensen, J.: Biopsy of Lymph Glands in Chronic Diseases 
of Bones and Joints: Diagnostic Value in Tuberculosis, Ugesk. f. leger 103:214- 
215 (Feb. 13) 1941. 
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Experimental—Yegian and Halley *** report inoculating virulent 
tubercle bacilli into subcutaneous fibrous tissue—lined channels resulting 
from six, thirty and sixty day implantation of rubber tubes into inter- 
scapular regions of 61 guinea pigs, some being sensitized by previous 
inoculation with tubercle bacilli of attenuated virulence. In animals 
killed one to seven days later axillary and inguinal lymph nodes revealed 
tubercle bacilli as determined by animal inoculation tests in 34 of 36 non- 
sensitized animals and in 21 of 25 sensitized ones. The conclusion is 
drawn that tubercle bacilli pass through fibrous tissue which is analogous 
to fibrous tissue present in the capsule of the tubercle. 


Tuberculous Rheumatism.—Kling and Levine *** report an interesting 
case of a condition which they believe to have been tuberculous poly- 
arthritis resembling rheumatoid (atrophic) arthritis. They conclude 
that a mild type of tuberculous polyarthritis does occur, and they reach 
this conclusion on the basis of a detailed case history, a review of their 
own material and a review of the literature. [Ep. Note: The rarity of 
rheumatoid arthritis in association with cases of proved joint tuber- 
culosis casts grave doubt on the actuality of any such condition as 
tuberculous arthritis as originally described by Poncet. In a series of 
several thousand cases of joint tuberculosis observed at the New York 
Orthopaedic Dispensary and Hospital, New York, only 1 such case 
occurred, and it is believed that this was a coincidence. | 

Operative Procedures.—Farill ** reports 18 cases of tuberculosis of 
the hip in which operation was done by a method which he has devised. 
The patients are treated by preliminary rest until the disease apparently 
has subsided. A plaster spica then is applied with the hip in the desired 
position, and the operation is performed through a window in the plaster. 
It consists in driving a prism-shaped tibial graft through the head and 
the neck of the femur into the acetabulum, apparently without exposure of 
the hip joint itself. Farill speaks of the simplicity and safety of the opera- 
tion and states that of the 14 patients followed for more than one year 
bony ankylosis was obtained in 12 (intra-articular in 6 and extra-articular 
in 6). Fibrous union occurred in 1, and the other patient died. [Eb. 
Note: Although the operation appears to be simple and the early results 
in this small series are good, it seems doubtful whether in a large number 


of cases union could be expected to follow the introduction of a graft 


227. Yegian, D., and Halley, H. J.: Permeability of Fibrous Tissue to Tubercle 


Bacilli, Am. Rev. Tuberc. 44:619-623 (Nov.) 1941. 

228. Kling, D. H., and Levine, M. A.: Nondestructive Tuberculous Poly- 
arthritis Versus Tuberculous Rheumatism (Poncet): Report of a Case, Arch. 
Surg. 42:965-967 (May) 1941. 

229. Farill, J.: Arthrodesis in Therapy of Tuberculous Coxitis of the Hip, Gac. 
méd. de Mexico 71:172-202 (April 30) 1941. 
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through the diseased area of the joint. It has been our experience that 
whenever a bone graft is passed through or penetrates the area of disease 
it is absorbed or becomes loose. | 

King and Richards **° describe a technic for arthrodesis of the knee 
joint in cases of tuberculosis in young children. Tibial grafts are 
implanted into the patella in two stages, connecting this with the femur 
and the tibia. A brace is used for several years. Bony union occurred 
across the joint in only 1 of 4 cases. [Ep. Note: This is an ingenious 
operation, but its superiority over removal of the joint cartilage seems 
doubtful. } 

3osworth and Haines *** review several surgical technics employed 
on 85 patients with tuberculosis of the spine. A comparison of the 
method used in doing these fusions reveals that 60 were done by a 
modified Hibbs procedure in which bone chips and an osteoperiosteal 
graft from the tibia were used, that 10 were done by a modified Hibbs 
procedure in which extra bone from the ilium was used and that 15 
were done by the original Hibbs procedure. 

In the group of fusions done with osteoperiosteal grafts, pseudo- 
arthroses developed in 15 per cent as compared with 10 per cent of those 
in which iliac bone was used and 9 per cent for those in which no 
extra bone was used. 

There seems to be no advantage in using an extra disfiguring tibial 
incision. 


[Ep. Note: From these statistics it appears that the best results 
are obtained when the original Hibbs spine fusion is performed. ] 


(To Be Continued) 


Extra-Articular Arthrodesis of Knee Joint, 
Am. J. Surg. 53:208-214 (Aug.) 1941. 
231. Bosworth, D., and Haines, K.: Results of Spine Fusions: Critical Review 


of Several Surgical Techniques, Quart. Bull. Sea View Hosp. 6:176-180 (Jan.) 
1941. 





ence that 
sf di Sease 


the knee 
-afts are 
1e femur 
occurred 
ngenious 
re seems 


mployed 
1 of the 
ne by a 
eriosteal 
d Hibbs 
that 15 


pseudo- 
of those 
hich no 


ig tibial 


results 


ee Joint, 


| Review 
) (Jan.) 


for the advancement of surgery and as a medium of publication for research, 
clinical observations and experimental work in surgery. 


Manuscripts for publication and correspondence relating to the editorial man- 
agement, to communications, subscriptions, reprints, etc., should be addressed, 
ArcHIVES OF SurGcerY, American Medical Association, 535 North Dearborn 
Street, Chicago. 

Articles are accepted for publication on condition that they are contributed 
solely to the ArcHIvEs OF SuRGERY. Manuscripts must be typewritten, preferably 
double spaced, and the original copy should be submitted. Zinc etchings and 
halftones will be supplied by the Association when the original illustrations 
warrant reproduction and when their number is not considered excessive. 


Footnotes and bibliographies (the latter are used only in exhaustive reviews 
of the literature) should conform to the style of the Quarterly Cumulative Index 
Medicus. This requires, in the order given: name of author, title of article and 
name of periodical, with volume, page, month—day of month if the journal appears 
weekly—and year. 

Matter appearing in the ArcuIves or SuRGERY is covered by copyright, but 
as a rule no objection will be made to its reproduction in a reputable medical 
journal if proper credit is given. However, the reproduction for commercial 
purposes of articles appearing in the ARCHIVES OF SURGERY or in any of the other 
publications issued by the Association will not be permitted. 

The ArcHIVES OF SuRGERY is issued monthly. The annual subscription price 
(for two volumes) is as follows: domestic, $8.00; Canadian, $8.40; foreign, $9.00, 
including postage. Single copies are 85 cents, postpaid, except the August 1940 
issue, which sells for $1.50. 

Checks, money orders and drafts should be made payable to the American 
Medical Association. 


T ‘ts ARCHIVES OF SURGERY is published by the American Medical Association 


OTHER PERIODICAL PUBLICATIONS 
of the American Medical Association 





THE JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION—Weekly. Covers all the 
medical sciences and matters of general medical interest. Tlustrated. Annual subscription 
price (three volumes) : domestic, $8.00; Canadian, $9.50; foreign, $12.00. Single copies, 25 cents. 

ARCHIVES OF INTERNAL MEDICINE—Monthly. Devoted to the publication of advanced 
original clinical and laboratory investigations in internal medicine. Illustrated. Annual 
subscription price (two volumes): domestic, $5.00; Canadian, $5.40; foreign, $6.00. Single 
copies, 75 cents. 

AMERICAN JOURNAL OF DISEASES OF CHILDREN—Monthly. Presents pediatrics as 
a medical science and as a social problem. Includes carefully prepared reviews, based on 
recent pediatric literature, abstracts from foreign and domestic literature, book reviews, 
transactions of special societies, ete. Illustrated. Annual subscription pricé (two volumes) : 
domestic, $8.00; Canadian, $8.40; foreign, $9.50. Single copies, 85 cents. 

ARCHIVES OF NEUROLOGY AND PSYCHIATRY—Monthly. A medium for the presenta- 
tion of original articles on nervous and mental diseases, with abstracts from foreign and 
domestic literature, book reviews, transactions of special societies, etc. Illustrated. Annual 
subscription price (two volumes): domestic, $8.00; Canadian, $8.40; foreign, $9.50. Single 
copies, 85 cents. 

ARCHIVES OF DERMATOLOGY AND SYPHILOLOGY—Monthly. Devoted to advancing 
the knowledge of and progress in cutaneous diseases and syphilis. Publishes original contribu- 
tions and abstracts of the literature on these two subjects, transactions of the important 
dermatologic societies, book reviews, etc. Illustrated. Annual subscription price (two volumes) : 
domestic, $8.00; Canadian, $8.40; foreign, $9.00. Single copies, 85 cents. 

ARCHIVES OF OTOLARYNGOLOGY—Monthly. A medium for the presentation of original 
articles on diseases of the ear, nose and throat, with abstracts from foreign and domestic 
literature, book reviews, transactions of special societies, etc. Illustrated. Annual subscription 
price (two volumes) : domestic, $6.00; Canadian, $6.40; foreign, $7.00. Single copies, 75 cents. 

ARCHIVES OF PATHOLOGY-—-Monthly. A periodical devoted to the publication of 
original articles and general reviews in the field of pathology. Illustrated. Annual subscription 
Price (two volumes) : domestic, $6.00; Canadian, $6.40; foreign, $7.00. Single copies, 75 cents, 
except special issues. 

ARCHIVES OF OPHTHALMOLOGY—Monthly. Includes original articles on diseases of 
the eye, abstracts from foreign and domestic literature, book reviews, transactions of special 
8 cleties, etc. Hlustrated. Annual subscription price (two volumes): domestic, $8.00; 
Canadian, $8.40; foreign, $9.00. Single copies, 85 cents. 

WAR MEDICINE—RBimonthly. Devoted to material on preparedness and scientific advance- 
ment in relation to military, naval, public health and allied services. Annual subscription 
price: domestic, $5.00; Canadian, $5.40; foreign, $6.00. Single copies, $1.25. 

QUARTERLY CUMULATIVE INDEX MEDICUS—Quarterly. A complete subject and 
author index to the worth while current medical literature of the world. Issued four times a 
year. Second and fourth volumes bound for permanent reference. Subscription price, calendar 
year: domestic, $12.00; Canadian, $14.00; foreign, $14.00. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street CHICAGO 





CONTENTS 


PAGE 
INTRAPERITONEAL INJECTION OF VACCINE IN PREVENTION OF PosTOPERATIVE 


Peritonitis. CLaupe F. Drxon, M.D.; J. Arnotp Barcen, M.D., ann 
Wim J. Tennison, M.D., RocHester, MINN 


REsutts FoLLow1nc LIGATION OF THE INTERNAL CAROTID ARTERY. WALTER 
E. Danpy, M.D., BALTIMORE 


INFLUENCE OF HYPOPHYSECTOMY ON THE EPITHELIZATION OF WOUNDS AND 
ON Freroprasia. C. B. Muetier, M.D., anp Evarts A. GRAHAM, M.D., 
Be.. LOGS cccce 


ADENOMA OF THE BRONCHUS WITH SUCCESSFUL PNEUMONECTOMY: REPORT 
or A Case. Davin G. Mason, M.D., SAN FRANCISCO, AND THOMPSON 
op BB OR ae err) 5 


ADMINISTRATION OF DICOUMARIN COMPOUND FOR PROPHYLAXIS OF PosTOPERA- 
TIVE THROMBOSIS AND EMBOLISM: A PRELIMINARY REPORT. WINFIELD 
L. Butscu, M.D., ann Joun D. Stewart, M.D., BuFFALo....... 


ASSOCIATION OF PERNICIOUS ANEMIA AND CARCINOMA OF THE STOMACH. PAvL 
C. Dorurinc, M.D., anno Georce B. EustermMan, M.D., RocHeEster, 
MINN. .. cad 


PERITONEAL FLUID AND GASTRIC CONTENTS IN CASES OF PERFORATED PEPTIC 
Utcer. CHarites M. Henry, M.D., Detroit 


BEHAVIOR OF RABBITS AFTER INFECTION WITH TOXIGENIC AND NONTOXIGENIC 
StaPpHyLococci: AN EXPERIMENTAL Stupy. BARNARD KLEIGER, M.D.; 
Joun E. Bram, Pu.D., anp Frances A. HALtMAN, Sc.M., New York. 


PSEUDOHERMAPHRODITISM: ReEporT OF Two Cases. Donatp D. Kozo, 
M.D., Evanston, ILL 


Bioop PRESSURE CHANGES DURING SPINAL ANESTHESIA IN NONOPERATIVE 
Cases. Harry Koster, M.D., Brook_yn 


AFFERENT CONDUCTION FROM EXTREMITIES THROUGH DorsaAL Root Fisers 
vIA SYMPATHETIC TRUNKS: RELATION TO PAIN IN PARALYZED EXTREMI- 
Ties. ALBERT Kuntz, M.D., PH.D., anp GENO SAccoMANNO, M.S., 
St. Lovurs 


CARCINOID TUMOR OF THE APPENDIX: REPORT OF A CASE IN WHICH EXTEN- 
SIVE INTRA-ABDOMINAL METASTASES OCCURRED, INCLUDING INVOLVEMENT 
OF THE RicHt Ovary. Ricuarp A. Hoppinc, M.D.; Matcorm B. 
Docxerty, M.D., anp James C. Masson, M.D., RocHester, MINN.... 


EXOPHTHALMIC GOITER OF THE JUVENILE Type: A SURVEY OF THE LITERA- 
TURE ON THE FAMILIAL ASPECTS OF THIS DISEASE AND A REPORT OF 
Two AppiTionaAL Cases. RatpH R. Moorten, M.D., ann MAuvRICE 
Brucer, M.D., New York 


Puysi0Locic CHANGES ASSOCIATED WITH VARICOSE VEINS AND THEIR Cor- 
RECTION. WooL_Fo.tK Barrow, M.D., Lexincton, Ky 


MESENTERIC VASCULAR OCCLUSION: REVIEW OF THE LITERATURE AND GEN- 
ERAL PRINCIPLES; REPORT OF A CASE WITH OPERATION AND RECOVERY. 
Henry J. GIAMARINO, M.D., AND SAMUEL A. Jarre, M.D., New HAVEN, 


ProGRESS IN ORTHOPEDIC SURGERY FOR 1941: A Review PREPARED BY AN 
Epitor1AL BoArD OF THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 
(To Be ContTINUED) 





